


ON THE 


ATMOSPHERIC CHANGES 

WHICH PSODUOE 

EAIN AND WIND, 

AHD THE 

FLUCTUATIONS OF THE BAROMETER. 


iEMtf w t, 

WITH ADDITIONAL E8SATS AND DIAOBAM3. 


BT 

THOMAS HOPKINS, HJ^S. 


LONDON: 

PUBLISHED BY JOHN WEALE, 5», HIOH H0L60BN; 

BHD > 

GEORGE IHfMS, MAKQHESTSB. 

1864. 



Cavk & Sevib, Fiiotdn, P«]«iiDe BnQdiiigi^ Hunt’i Bmk, Maolhester. 



PREFACE TO THE FIRST EDITION. 


For many years, Meteorplogical 'phenomena, in Lancashire and its 
neighbourhood, luid engaged a portion of my attention. The winter 
of I passed in Rome and Naples, where my thoughts were 

(lire(*U‘d to the climate of those places ; and on my return to England, 
I (letirmined to make inquiries into the causes which produce the 
atnios])heric j>eculiarities of those i)arts. What I met with in books, 
written professedly on Meteorology, appeared obscure and unsatis- 
liu torv ; and 1 resolved to employ a portion of my leisure in collecting, 
fi oin travellers, facts likely to throw some light on the subject, and 
particularly to endeavour to trace the laws of nature in the depart- 
ment of Meteorology, where she operates on a large scale : belie\ing 
that, in treating on so moveable a body as the atmosphere, that 
wa:> the best course to adopt, in order to see the separate working 
of each cause. 

'i’he fa('ts coUbicted in this way at first appeared little better tbiii a 
mass of contmdiction and Confusion ; but, by putting them into the 
form tjf tnbl( s, and constructing charts and diagrams, to assist the 
mind by presenting pictm’es to the eye', slowly and gradually the 
intlnenct' of general principles appeared as pervading die whole, 
'i'lu; farts which were appjirendy opposed to those principles wore 
then subjected to a more careful examination, and the result was an 
anival at the conclusions presented 'in the following pages. Some of 
tiiose conclusions were, from time to time, communicated to the 
I^lanchcsbn* Pliilosophical Society, and they are now submitted to the 
public. If they have truth for their basis, thqr will, probably, be 
adopte<l by others ; if they liave not, I shall only add one to the list 
of those who have failed in attempting to expUdn the causes which 
4oteru)iue the movements of the atmemphere, 




PREFACE TO THE SECOND EDITION. 


It is nearly ten years since the first edition of this work was 
published, and in the intervening period a number of importimt 
Meteorobgical registers have been communicated to the world. 
Many of these I have examined, with the view of tracing the laws 
which pervade the phenomena exhibited' in them. Works of navi- 
gators, and other travellers, have also been read, and meteorological 
facts found in them collected and tabulated. Some of the results 
thus obtained are given in the Essays which are added in the present 
edition. In these Essays, the laws which pervade and govern our 
atmosphere, and which produce the great changes that are so con- 
stantly taking place in it,* are discussed 'more fully than had been 
previously done ; and an attempt has been nuule to exhibit those 
laws in action in various localities. 

UntU lately, the laws that are in operation in this department 
appeared to obtain attention from Meteorologists ; but at present 
their industry seems to be directed almost exclusively to the collec- 
tion of facts. The great number of these, however, already furnished, 
justities and invites' an effort to discover the laws which govern the 
facts ; tliis lias been the object aimed at in the present work, — ^with 
what success, the reader may jud^. 

It was my good fortune to be acquainted with the late Dr. Dalton, 
who directed my attention to the mechanical intermixture of the 
constituents of the atmosfdiere, and to the different laws of coolmg 
by expansion of the gases and aqueous wpour of which it is com- 
psed -, and much of that which is advanced in this work, on the 
cliangcs that take place in the atmosphere, is aeSf a development of 
phenomena which are conseqaent on the laws discovered by Dalton, 
to whom meteorological science is hugefy indebted. 
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ON 


ATMOSPHERIC CHANGES. 


The Constitution of the Atmosphere^ and the Production of 
Rain and Wind. 

The aerial ocean that covers thq^ earthi and in which we live, 
is known to be composed principally of two gases, nitrogen 
and oxygen, in the proportions of about 79 and 21 in 100. 
In addition to these there is a small portion of another gas, 
carbonic acid, computed to be about as 1 to 1,500; and as 
tliese gases are not condensable, except at very low tempera- 
tures or great pressures, they are commonly called non-con- 
densable gases. They are not united by any chemical affinity, 
as they intermix in the proportions named, or in any other 
inoportions, with equal facility: they are, therefore, to be 
considered as diffused through each other mechanically, 
although found in about the same proportions in every part 
of the world within a moderate distance from the surface. 

'I'lieso proportions are, however, to some small extent, 
disMnbcd by local absorption or generation, and these dis- 
turbances aje readjusted by the process of mechanical diffusion. 
Hut between the generation or the absorption of the gases in 
particular places, and their complete diffusion through each 
other, to establish the uniformity of proportions in every part, 




Diffusion of Gases. 


time will elapse, and the length of time required for tiu* 
operation becomes a consideration of some importance. Were 
a quantity of oxygen gas liberated in a vacuum, it would, in 
ednsequence of its elasticity, expand with a certain degree of 
determined by its force of expansion, and this may 
be called its law of expansion. But if the same gas were 
liberated ib a space occupied by another gas, say nitrogen, of 
a«eertain degree of density, the oxygen gas would stiSl expand 
and diffuse itself through space and through the nitrogen ; 
but, as it would encounter the particles of nitrogen in its 
progress, it would be impeded in its expansion, and would 
occupy a longer period of time in effecting it. The rate of 
expansion in the former case being known, it would express 
the law of expansion, and if from this rate we could deduct 
the amount of the impediment encountered^ we should have 
the law of diffusion. 

The law of diffusion of gases is of considerable importance. 
During combustion, when our furnaces unite that part of the 
‘oxygen of the atmosphere which is in immediate contact wiih 
heated fuel with a portion of the fuel, in the absence of draf t, 
it is diffusion which causes a fresh supply of oxygen to pi c ss 
on the remaining fuel to continue the process of combustion : 
but the supply of oxygen is much less than it would be if that 
gas were unmixed with nitrogen, as then the oxygen would bi; 
supplied according to the law of expansion, and not accoi diito 
to the law of diffusion. The diffusion of gases, as distingnislu d 
from expansion, is, therefore, an important process, xivwvd 
only in reference to the movements of the non-condensable 
gases, which constitute the greater part of our atmosplime. 

• But there is another gas, or aeriform substance, in the atmo- 
sphere, called aqueous vapour, or steam, which is condensahl;,^ 
at a comparatively high tempefature, and the law pf diffusion 
acting on this gas produces peculiar effects on the atmosphere. 
Aqueous vapour, unlike the non-condciiiable gases, exists in 
the atmosphere contiguous to the earth’s surface, in the varioiLs 
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parts of the world between the equator and the poles, in very 
difl’crent propoi tions to the other gases. In some parts, near 
the equator, vapour constitutes ^^th part of the whole atmo- 
sphere, and this is when the point of condensation of some of 
the vapour, or the dew^ointi as it is commonly called, is as 
high as 80® of Fahrenheit. In other parts, at certain dis- 
tances from the equator, it is say Ya^b of the whole, and the 
dew-point is at 73®.* Proceeding towards the polar regions 
tlie dew-point is found to be respectively at say 52® and at 
32®, and the vapour will then form not more than xiTyth' 
and .rlrTTth parts of the whole atmosphere. There are situa- 
tions where the temperature is, at times, as low as 90® or 
even 100® below the freezing point of Fahrenheit, and where, 
oonseciuently, there must be very little vapour in the atmo- 
sphere. But as the law of diffusion will cause the vapour 
wliich is in superior abundance in one part to expand in the 
direction in which it is deficient in another, there must be a 
constant expansion and diffusion of vapour from parts where 
it is freely produced to other parts where it is comparatively 
dedciont — from the tropical to the polar regions, and from 
one locality to another, producing peculiar effects, resulting 
from the condensability of this aeriform substance. The 
dili’iibion of any one constituent of the atmosphere must pro- 
duce*, to some extent, a movement, not of that gas alone 
whicii is diffusing itself, but also of those which it encounters, 
impinges upon, and carries along with it; and although aerial 
nun ements or currents, produced in this way, are generally 
feeble compared with those produced from other causes, here- 
afuu* to be noticed, yet they may,- by bringing other causes 
into operation, be instrumental in creating more powerful 
eui rents, and will, at all times, more or less modify those 
which exist. 

It has bee n long observed that there are streams or currents 
in the atmosphere, extending over large portions of the globe, 
which are evidently produced by causes acting with a cerifein 
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degree of force and constancy ; and various speculations have 
been entered into, and theories formed, to account for these 
currents, or winds, but the theory now generally recognized 
is that which was first promulgated by Hadley, and may be 
described as follows : — 

The sun’s rays heat the surface of the globe within the 
tropics more than they do the surface of the temperate and 
polar regions, and the superior heat is communicated to the 
air resting upon the surface* The heated air then expands, 
rises, and flows over, at some certain height, towards the 
cooler regions, where it becomes itself cooled, and returns, as 
a lower current, to the tropical part, there again to undergo 
the same process. But these two aerial currents do not move 
from the tropical towards the polar regions, and back towards 
the tropics, in direct lines, as they are modified by the rotatory 
motion of the earth. This motion is, at the equator> say 1,000 
miles an hour, and it becomes less towards the poles, until 
at each pole it is nothing. Consequently the upper current, 
from the equator, when proceeding towards either pole, will 
have a more rapid rotatory velocity, from west to east, than 
the part of the globe over which it is passing, and it will, re- 
latively to the surface of the globe, to some extent, become a 
western current, or west wind : the joint effect of the two 
causes making it, say, in the northern hemisphere, a south- 
west wind- The lower air, whicl} is passing from the poles 
towards the equator, will be affected in the reverse order, and 
from a north will be converted into a north-cast wind. The 
same causes produce the same kind of effects in the southern 
hemisphere. This theory of winds, originally advanced by 
Hadley, has been recently maintained by Dr. Dalton, and is 
now generally recognized as true. Make Brun, in his Geo 
graphy, adopts it, and Professor Porbes, in his Report on 
Meteorology, in the transactions of the British Association 
for 1841,, treats it as the established theory. 

That :tbe effeets of the unequal heating power of the sun 
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on the surface of the globoi and of the varying rotatory velo- 
cities of the different parts of the earth between the equator 
and the poles, must be of the nature described in this theory, 
is sufficiently evident. But it is not equally evident that the 
causes pointed out are adequate to the production of those 
general winds which are known to exist. The difference in 
the rotatory velocities of different latitudes must certainly 
have the kind of effect described upon any winds which pass 
from the equator to the poles and from the poles to the equa- 
tor, and the degree of effect will be proportioned to the 
rapidity of the passage of the wind from one latitude to 
another. But the unequal heating of the sujface of the 
globe, and, consequently, of the air near it, by the sun, does 
not, as will^be hereafter shown more fully, produce those 
palpable or strong winds which blow in some parts towards, 
and in other parts from, the tropics. The beating of the 
surface of the globe, and of the air near it, by the sun, is 
not a sufficiently powerful cause to produce those winds, 
though, like the law of diffusion, such surface heating may, 
and no doubt does, to a certain extent, bring into active 
operation another and a more powerful cause, and, as we 
shall see hereafter, one that is fully adequate to their pro- 
duction. 

Unequal temperature is undoubtedly the great cause of 
the movements of the various portions of the atmosphere 
which constitute winds, but inequalities of temperature in 
our atmosphere are not produced merely by the partial heat- 
ing of the surface of the globe, and of that portion of the 
air which is in immediate contact with it. The heat of the 
sun acts in two ways on the surface of the globe ; one is by 
attaching itself to the matter of the earth’s surface and in- 
creasing its temperature, which increase of temperature is, 
to some extent, communicated to the air which rests upon it, 
as stated in Hadley’s Theory of Winds. But there is another 
way in which the heat of the sun acts : it unites with water, 
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and, by evaporation, forms aqueous vapour, without raising 
the .temperature of the surface where the evaporation is carried 
on to the same extent that the temper&ture of dry land is in- 
creased : and tlie heat, thus united to the water, moves away 
from the part in the vapour, and, through the operation of 
certain causes, is carried to a greater or less distance, where 
it is liberated, and produces effects which appear to have been, 
in a great degree, overlooked by writers on this subject, but 
which effects must be duly estimated if we are to understand 
the causes of the winds which are found to prevail in various 
parts of the world. 

In the following pages it is proposed to show that the beat 
which is thus taken up by vapour, in the process of evapora- 
tion, is carried away to various parts of the atmospheric 
regions, and in those parts is liberated on the vapour being 
condensed; and that it is this liberated heat which produces 
that inequality of temperature which causes the greater part 
of those aerial movements called winds on different parts ot 
the surface of the globe. The limited power of surface heat- 
ing in producing winds will be hereafter shown. At present wc 
proceed to consider the evaporation of water by the suns heat, 
and the consequent formation and diffusion of vapour ; and 
the subsequent condensation of that vapour, and the libera-' 
tion of the heat. 

It is well known that, by placing water in a suitable i 

over a fire until it be sufficiently heated, a part of the r 

will rise from the surface in the form of vapour ; and if tlii' 
vapour, by a proper apparatus, be conducted to a cool |>arj. , 
it mil be condensed into water; and the quantity oi hent 
^ which had been taken up by the vapour, in the proct^si « >( 
evf^atfon, may be measured by the progress of time, cr tn 
of fu^. The qoau^^y given out in comlen n fd ^ 
xnay be raeaswred by incre^ of tomperature comir.u:;': 

Altd H iS'^lbutid that the quantiiv 
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heat given oiit in condensation is precisely the same as that 
taken up by evaporation — none of it is lost, thoughi when 
united with water to form vapour, it may be conveyed from 
one locality to another. This course of evaporation and con- 
densation is familiarly known in numerous processes and works, 
where the heat from a fire is made to vapourise water in a large 
boiler, which vapourised water is, by its own condensation, 
made to heat water in other boilers. Now the heat of the 
sun, if applied to water by a proper apparatus, would liave 
precisely the same effect as the heat of the fire. The solar 
heat would raise the temperature of the Water, vapourise it, 
and would be given out to any other substance, on condensa- 
tion being effected, just as the heat from the fire is known to 
pass through those various stages. And it is not at the tem- 
perature of boiling water alone, that heat may be taken up by 
evaporation and given out by condensation. Water may be 
\apourised by heat, at either higher or lower temperatures, 
tlic quantity being proportioned to the heat expended ; and 
an exposure of the vapour to lower temperature will condense 
it. Thus, vapour of 250^ of Fahrenheit, if turned into air 
or water of 212^^ would be in part condensed. And vapour 
oi‘ 212", if allowed to flow into a temperature of 200’^, would 
also he in part condensed into water, and in like manner in 
uihvv lower dt*grces. Atmospheric vapour, rising from water 
of tlu‘ temperature of which is common within the tropics, 
woidd be in ]>art condensed if it came immediately into con- 
tact \^ith water of the temperatare of say 70^. Vapour from 
\^ate^ oi‘ 70"', (J0 \ 50“^', 40"^, or 32^, would be condensed if 
exposed to or brought into contact with temperatures below 
respective degrees* And oven from ice of 30"^ or 20*=* 
of temperature vapour may arise which can be condensed by 
e\pt)sure to lower temperatures. In all these cases the heat 
tak( ji up by the vapour in evaporation, is given out by con- 
ilen.Naiion wherever the condensation takes place; and wherever * 
the heat is so given out, it raises the temperature of t^ 
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bo^w ffl thff p«rt» in proportiim to the 
givttn Otttj just u vnpoar fifcmi one boiler givee out 
ito ^eot, on being condensed, to the water of another boiler, 
and raises its temperature. The following tabular view will 
exhibit the comparative quantities of heat expended, as mea- 
sured bj time, in converting ice of low temperature into 
vapour. And if we suppose a process the reverse of this to 
take place, the heat expended would be given out, and would, 
allowing for alteration of capacity, proportionally raise the 
temperature of anything that should receive it. Suppose a 
vessel, with pounded ice in it, of the temperature of 0° of 
Fahrenheit, to be placed over a burning jet of gas, of iiniform 
strength, and the times noted in the table will mark the re- 
lative quantities of heat required to effect such alteration of 
the ice, until it is converted into vapour : — 


Seconils of 
Time. 

Qnantitiee of 
Heat. 

Increase of 
Temperature. 

Heat AbsKwbed. 

0 

0 

0° 


32 

32 

32'’ 


140 

140 


140 Liquidity. 

180 

180 

180® 

1000 

1000 


1000 Elasticity. 

1352 . 

1352 

212“ 

1140 Latent. 

212® Temperature. 




1352 Total. 


Here we see, that whilst 1 ,352 of heat was expended, only 
212 of it went to raise temperature, leaving 1,140 of latent heat, 
1,000. of which, on condensation of the vapour, would be 
given out to any cold substance with which it was in contact, 
and consequently might be given to the atmosphere. 

The son is the great source of heat on the surface of our 
globe, and over a large part of the globe the solar hcai is 
regularly uniting with water, from the surface of both land 
and sm, and vapourising it. As the vapour is formed it 
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acquires elaatie forces and springt iuto the atmospheric spaee 
above the surface^ and this evaporation it disposed to proceed 
until a maximum quantity of vapour is formed, which is pro- 
portioned to the temperature of the part. The maximum is 
one quantity within the tropics, where the temperature is 
high, and other quantities at different distances from the 
tropics, where the temperature is lower ; but owing to certain 
causes, which it is not necessary now to explain, it is seldom 
that the maximum quantity is found in the lower levels of the 
atmosphere, as condensation in oiie place is reducing the quan- 
tity almost as regularly as evaporation in another place is in- 
creasing it. But, wherever condensation takes place, there 
the solar heat, which had been united with the water to form 
vapour, is given out, and the temperature raised, and the air 
in the part warmed. . 

There are parts within the warm regions of the tropics, 
wliere evaporation proceeds until there is so large a quantity 
of vapour in the atmosphere as to admit a temperature of, 
say, 80® to condense a part of it, and where, consequently, 
the dew-point is 80°, that being then the point of condensa- 
tion. The atmosphere itself may be 81®, or 85°, or 90°, but 
no higlier temperature than 80° will condense any portion of 
the then existing quantity of vapour. In cooler regions 
evaporation cannot so fully charge the atmosphere with 
vapour, as, if evaporation were to take place at the surface — 
the cold above would condense a part of the vapour as rapidly 
as it was formed. There are parts where the dew-point is 
not higher than, say, 70°, because the cold there condenses 
a portion of the vapour, whenever it is supplied in additional 
quantities by evaporation from wet surfaces. In other parts 
the dew-point does not rise higher than 60°, 60°, 40°, or 80°, 
in the cold season. Now, if a part of the atmosphere, fully 
charged with vapour, should, from any cause, be conveyed 
from a warm to a cold region, a portion of that vapour would 
be condensed, and fell as rain. And it is sufficiently evident, 
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iho procen of diffoinoiii or the unequal bating of 
of the eOrth, and, eonseqttenttjr, of the air resUng 
is capable of convegring trarhi and moist air into a colder 
region than that in which it had received its huge amount of 
moisture. And in this way an atmoq>betic current, proceed- 
ing from warm to cool latitudes, may produce Condensation 
and rain. 

But there is another cause of condensation of atmospheric 
vapour,' more active and powerful in producing that condensa- 
tion than change of latitude, which cause is the raimg of a 
part of a moist atmosphere to a greater elevation than that in 
which it had previously existed. In an atmosphere at rest, it 
is found that the temperature diminishes, say, about one degree 
for every 100 yards of elevation ; and this is attributable to 
the inferior density, and consequent increased capacity for 
heat, of the atmosphere, arising from the diminished pressure 
of the portion above. . Now any part of die air of the lower 
region being raised 100 yards, would be suljected to less 
pressure, and would, consequently, be cooled, say, about one 
degree. On being raised 200 yards, it would be cooled two 
degrees ; 400 yards, four degrees ; and so on in proportion to 
the height. And as there are causes in constant operation, 
sufficiently powerful to produce movements of>the atmosphere, 
those causes may force currents of air to ascend the sloping 
sides of ridges of mountains, and thus to become cooled by 
elevation, and have a part of their vapour condensed, by tliat 
cooling. The elevations of land are extremely irregular, and 
currents of air being impelled against those irregularities, 
would follow thdr courses, and might, etmi^u^tly, en- 
cemnter each other; and sotne, by forciiqf 'i^^ way near 
the sur&ce of the lend, might raise other iiinal currents, 
thus cool them in a greater degree, atffi ]^xidnce more 
abttudimt condensation. 

'Ulie air in this lower region of i^ UjU^l^ere may also be 
raised by tbe action of the sttU'im#e1iM^ dT the globe. 



Amkht of Warmed Air. 

When the monuag snn warms ihe surface of the earth, that 
warmth is eommunieated, to some extent, to the air in the 
immediate vidnity of the surface, which ezpan'ds and rises ; 
and, the action being continued, ascending columns of warm 
air are formed, which may rise suffidendy high to be cooled 
to that degree which will produce condensation of a part of 
the vapour that the air contains. The same process may take 
place over the sea, all that is necessary being that the air near 
the surface be adequately heated, as compared with the general 
temperature of the atmosphere in the vicinity, to produce an 
ascending current which shall cariy the air within it sufficiently 
high to condense vapour. 

But, judging from what takes place on the earth, it may be 
truly said, that if no. other cause of rain or wind existed, than 
those yet named, there would be no copious rain, nor stroug 
wind, in any part .of the world, as these causes would evidently 
ail operate mildly and gently. Inequality of temperature, 
on different parts of the earth’s surface, in no place directly 
produces a strong wind, though there are parts where that 
inequality is great within small distances. And as ordinary 
cooling of air, saturated with vapour, takes place slowly, con- 
densation would be slow, and only slight rain would fall, i^ere 
there not another and a more powerful cause at work, to pro- 
duce tliat copious condensation and those strong winds which 
aare experienced in many parts of the world. This cause may 
be shown to be in operation when currents of air are forced 
up mountains, or when they force up each other; but we will 
at present trace it as arising from the action of the sun on the 
surface of the globe, be that surface either land or water. 

The sea, aay in the neighbourhood of the British islands, 
furnishes, by evapoption, a supply of vapour to the atmo- 
sphere sufficienf; to charge it so fully, for the temperature, 
that to cool it in a small degree will cause condensation of a 
part of the vapour which it contains. When the morning 
sun warms the lower part of thki atmosphere, it rises, and.j^o 
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process being continued, at some certain height, the upper 
part of the ascending column of air is sufficiently cooled to 
eatise condensation to begin, and minute particles of water 
to be formed, and thus condensation takes place from the 
ascent and consequent cooling of the atmosphere. The re- 
sult of this amount of condensation would, however, be, as 
already stated, only a small and continued rain ; but through 
the influence of another cause, which now comes into opera- 
tion, that rain may be made abundant. 

On condensation of vapour taking place in the ascending 
air, heat is liberated, or given out, as has been shown to be 
the case whenever vapour is condensed ; and the liberation of 
this heat has, at first, a tendency to prevent further condensa- 
tion, by raising the temperature of the remaining vapour. 
But the liberated heat raises the temperature not only of the 
remaining vapour which is in the raised air, but of the air 
itself also ; and the increase in the temperature of the air has 
ail important influence in producing subsequent results. 

The amoiiat of vapour in the atmosphere is indicated by 
the dew-point, and the higher the *dew-point the greater is 
the quantity of vapour. The following tabular representa- 
tion will point out the ordinary quantities commonly met 
with on diflerent parts of the globe : — 


DeW'pomti at deffrecs 
ox Falirenh^ 

Prcfportional parts 
of Vapour in the 
AintoKphere. 

33" 


52 ° 


73“ 


80* 




Supposing then the dew-point tn be at, say, 66% an ordinary 
kelgbt iu our summers, we shall find that tibe tapour will con- 
stitute not more than rieth part of the whole atmosphere. 
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the remainder being formed of non>«oaden8abIe gases. And 
as the vapour and gases are intermingled, and 'diffused through 
cncli other, the liberated heat produced by condensation 
would be attached to the gases and the remaining vapour, say 
in proportion to their respective quantities, that isj ninety>nine 
parts of the liberated heat would be attached to the gases, and 
only one part of it to the remaining vapour. The gases would 
thereby have their elasticity increased^they would ex'pand 
and rise to a greater elevation, and the remaining vapour, 
being entangled with them, wou}d be carried by them to a 
higher, and consequently to a colder, region. In that higher 
and colder region the same process would be repeated, vapour 
would be again condensed, heat liberated, the gases warmed 
and expanded, and another similar process commenced ; and 
these processes would be continued as long as there was a 
sufficient supply of vapour from below to feed them. The 
rapidity and energy of the process would depend on the ex- 
tent of the supply of vapour, and of the power of cooling it. 
When the supply of vapour was small, and the higher part 
of the atmosphere warm, the process would be slow, and a 
mist or stratus cloud would be formed ; when the vapour was 
more abundant, and the higher parts of the atmosphere colder, 
the process would be more rapid, and cumuli might form, and 
rain fall.* And if the supply of vapour was great, and the 
higher parts of the atmosphere very cold, the process would 
he violent, and heavy rain would be produced. It is, then, to 
tlie action of the liberated heat on the gases, and their me- 
chanical action on the remaining vapour in carrying it into a 
colder region, tliat we are to attribute that energetic opera- 
tion of condensation, which produces such important effects 
in t))o movements of the atmosphere, as those which we shall 
have to point out. 

In the construction of the air thermometer, it has been 

* Tlie fimnatloQ of tho ottmalooi oload vu explained in a paper ineeited 
in the PhdcMK>plileil^ tbr 
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Influence of Heat. 


found necessary to ascertain to what extent the air expands 
by an increase of temperature — and it is found to be 
part of its bulk for each degree of Fahrenheit. An increase 
of the temperature of a particular mass of the atmosphere, to 
the extent of only one degree, would, therefore, by augment- 
ing its bulk Tfvth part,' without increasing its weight, give it 
a decided buoyancy, and the adjoining heavier air would 
press’ it upwards. A local increase of temperature of, say 
two, four, or tix degrees, would of course give much greater 
buoyancy to the mass, and cause it to be forced upwards with 
greater rapidity. 

Heat is undoubtedly the great agent in producing atmo- 
spheric movements, and it is, we have seen, occasionally con- 
veyed in vapour to particular heights in the -atmosphere, where 
it is liberated by the condensation of the vapour. Now vapour, 
at a certain height, which, on being condensed, will form a 
cubic foot of water, liberates heat enough to expand the at- 
mosphere with which it is in contact, say 8,000 feet. On the 
weight of this column of air being thus made less than that 
of the adjoining columns, contiguous air would press in to fill 
up the comparative vacuum, and would become an -ascending 
column similar to heated air in a chimney. For, the adjoin- 
ing air being equally charged with vapour, would, when it 
reached an adequate height,- have its vapour also condensed, 
furnishing more heat ; and the process might be continued as 
long as there was a sufiicient supply of vapour. Tit this way 
it will be perceived that the vapour which is diffusad through 
a large extent of the atmosphere, and which, mtb a-dew*poiiit 
of, say SGp , constitutes only -r^ijtb pmrt of it, may be brought 
successively from a wide space to a patticnlar loei^ty, where 
much nun may falL . And the same pme^isM^^take phtiM with 
other dew-points than .that named, ;pi»dueiag eo^^ous rains 
whOtsB .^e dew-point is high, and moderate showers where 

it.JiT'loW.' , , _ . 

^^e d&lfetent laws of coolhig of the tmn^sNi||iimttble gases 
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and of vapoiir produce important effects in the atmosphere. 
On removal of incumbent pressure, and permittfaig expansion 
to take place, the gases cool, say, d*’, whilst the vapour would 
cool only 1'^. Through the operation of these different laws 
of cooling, the non-condensable gases, in Uieir ascent to a 
height of, say, 500 yards, will cool 5°, whilst the vapour that 
is within them is disposed to cool, by its own expansion, not 
more than 1 but as the different gaseous substances are in- 
termingled, the cold of the former is communicated to the 
latter, and the vapour is*condensed, not by the cooling con- 
sequent on its own expansion, but from that which results 
from the expansion of the gases! When evaporation of water 
from the surface of the globe takes place, in a previously dry 
atmosphere, the vftpour, as it is formed, by its elastic force 
rises into the atmosphere, and would, by its own law of cool- 
ing, have its temperature reduced only 1 ° for every 500 yards 
of height to which it might ascend ; but it has to expand into, 
and pass through, the interstices of the gases, which have a 
temperature that is found lower by 1 ° for every 100 yards of 
height. The vapour, in rising, is consequently cooled by the 
cold gases into which it has to expand, and thus condensation 
common.ly goes on at some moderate elevation in the atmo- 
sphere, whilst evaporation is proceeding on the surface below. 
Tile condensation forms cloud, and warms the {itmosphere in 
the part, -and, generally, it will be found that the temperature 
in the newly-formed cloud will be only about one-half as much 
reduced by altitude as that of the neighbouring air, which has 
been undisturbed by recent condensatidn : — that is, in newly- 
formed cloud the temperature will be lower only half a d^ree 
for every 100 yards of height, whilst in clear and undisturbed 
air it vrill be one defpee lower at the same height; the cloud 
will, consequently, be Hgbter than the adjoining air, and will 
be liable to be presn^ upwards by the superior weight of the 
cool air, and may jBm an ascending current. When the at- 
mosphere is ^ui heated, eauwd, and es^nded in a particular 
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localitjf^ the a^oining more dense air presses into the com- 
parati?e Yaciium^ and being in its turn heated^ and a continued 
ascending current created^ more distant air rushes in, and thus 
a horizontal current of air is. produced, and a wind is the 
result — ^and this wind is feeble or strong according as con- 
densation is moderate or energetic. 

It having appeared obvious that the gradual cooling of the 
atmosphere, bj^ passing from a warm to a cool laritude, could 
not produce such rains as frequently fall to the earth, a theoiy 
has been advanced — first, by Dr. Hutton, to account for those 
rains, which has had the powerful support of Dr. Dalton. 
This theory teaches that when two currents of air, of dif- 
ferent temperatures, both fully charged with vapour, are in- 
termixed, a mean temperature of the two is obtained. But 
this mean temperature will not admit the same quantity of 
vapour to exist in the elastic form, in the mixed air, as that 
which had been contained in the two separate currents, with 
the two temperatures ; a part of it is, therefore, condensed, 
and falls as rain.** 

After explaining this theory, Dr. Prout says, It must, 
however, be allowed, as we have before stated, that the utmost 
information which we can at present bring to bear, upon the 
subject of the general condensation of moisture from the at- 
mosphere, and of rain in particular, leaves it involved in con- 
siderable obscurity.” ♦ 

With reference to this theory it is sufficientito observe, that 
masses of air cannot intermix intimately, as is bere^assumed, 
except by a slow process, aijd that process could not produce 
such fails of rain as very frequently occur. Different gases 
diffuse themselves through each other with less or niorc^ 
rapidity, because such gases are merely temfk)rary impedi- 
ments, and not barriers, to the passive of each otlier ; but 
any one gas is a barrier to the penetrafitig power of the same 
kind of gas. A mass of oxygen, by itsliidastic force, does not 
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penetrate another mass of oxjgen, any more than one mass of 
water penetrates another mass of water which presses against it; 
and therefore, when two masses or currents of oxygen of dif- 
ferent temperatures come in contact, they are disposed to 
arrange themselves in their masses according to their densities, 
and not to penetrate each otlier. The outer parts may indeed 
be conceived to penetrate each other to some small extent, 
but thc)'^ evidently could not proceed so far as to produce 
extensive condensation. The same remarks will apply to 
nitrogen gas and vapour, because each of. these aeriform sub- 
stances is equally unable to penetrate a mass like itself. But, 
though intermixture cannot prqduce that extensive condensa- 
tion which must take place when heavy rain falls, if two 
masses of the atmosphere of different temperatures, fully 
charged with vapour, should strike or press against each 
other, whilst moving, the process of condensation may be 
tlieroby commenced at their lines of contact. And when the 
pr(jcess is in this way begun, it may be continued through the 
agt’Mcv of ascending heated air, as already explained. 

For our })rcseiit purposes, clouds may be divided into three 
(;la>s( s — the stratus, the cumulus, and the cirrus. The stratus 
is ]' Ji'Mied simply by condensation, and may be seen in this part 
!*{’ tlir world in the morning, generally resting on the surface 
tlie sea, and frequently on the land in the summer and 
autumn. At these times the surface of the globe, particularly 
(luiing the night, is warmer than the nir, and the vapour of 
t vapm ation, as it rises in the cold air, is slowly condensed into 
in ili pni tides of water, which form a fog or stratus cloud. 
ri,!< I loud may also be formed by the’ contact, or slight inter- 
mixture of currents of air of different temperatures, which 
in tully charged with vapour. On the stratus being, from 
any cause, raised to a sufficient elevation, it may, by a more 
eiH rgrtic action of condensation, be converted into a cumulous 
clou !, with an ascending aerial current, forming conical tops; • 
whi( h (MHTcnt may also bear the cloud to a great height. 
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When tl\|B cciifi^Ius is borne to as great a height as the supply 
of yapoth|1p^^1^^ it, and when the ascent of 

the ciitrenlV resulting imtnediately from condebsatihn, ceases, 
it is evident that the liberated heat which it contains may 
have ma^e the cumulous cloud wanner than the adjoining 
' atmosphere at the same level. And that adjoining atmo- 
sphere, being dry as well as cold, may, in pressing up and 
following it, cease to supply vapour to the cumulus, although 
that cloud may, through the superior warmth which it retains, 
continue to ascend# It w^ill become somewhat like a fire- 
balloon, ha\*ing wanner and therefore lighter air than that 
in which it floats ; and in this state it may rise slowly to an 
additional height. It will not, however, now have the swell- 
ing conical top of the cumulus, but will become a mass, the 
outer parts of which will begin to dissolve by evaporation. 
Or should it meet with different currents of air, it may be 
elongated or torn in pieces, the outer edges of each piece 
being dissolved by evaporation, when it would become the 
cirrus or hairy cloud. The interior portion of these cirri 
having innumerable small panicles of water from which to 
furnish vapour by evaporation, will, for a time, have the ir 
maximum quantity of vapour for the temperature; and the 
diffusion of this vapour will be more or less rapid as iln* 
adjoining air is more or less dry. As these clouds, or pieces 
of cloud, lose their warmth, they will descend to a lu\\» r 
stratum, when they will rapidly dissolve. But it is evident 
that such clouds may, for a time, form warm bed^or strata, at 
different heights in the atmosphere, or may, by evaporati n', 
greatly cool the locality,* and when the whole is in inorion, 
with currents moving at difierent heights in various directiusr , 
may produce an indefinite variety of results. 

Writers on climate commonly distinguish between tluj hot 
and dry and the hot and moist, and this distinction, foand< <l 
on experience, is connected with the separate causes tliat 
produce the two climates. The hot and dry is prodneo ! by 
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the direct actiun of the rays of the sun on the surface of the 
eartbi^. warming i|:Aiid praising the toi);peratur%^ The surface 
of the ground is |ound i^casion^ly^,t^^ ^ 

Fahrenheiti whilst the sun ppttrs his heat on the laud through 
an unclouded sky. At nighty however, the temperature sinks, 
the heat being apparently carried away by the air or lost by 
radiation. The desarts of Northern Africa, Arabia, and 
Persia, are samples of this climate. The hot and moist 
climate is not produced by the sun’s rays heating the surface 
of the earth, but by the heat which is liberated on conden- 
sation of vapour being eflfected. The sun is the original 
source of this heat also, but this is first united with water, 
and the two form vapour, which is frequently carried to parts 
far distant from the place where the solar heat united with 
water to form the vapour, and in these distant parts the 
vapour is condensed and the heat* which it contained liberated, 
making the part hot and moist. The Caribbean Sea, the Bay 
of Panama, Hindoostan, and the west coast of tropical Africa, 
arc places possessing the hot and moist climate; and there 
arc other parts of the world which partake of the nature of 

each of these two climates in various decrees. 

• ^ 

\\"hcn condensation of vapour causes air to ascend and 
otlicr air to rush into the vacuum thus formed, we have wind 
( reated from a source other than the partial heating of the 
earth’s surface by the direct rays of the sun, and it becomes 
ail object of inquiry to ascertain what winds are’ produced by 
tlic' t)iie and what are produced by the other cause. And in 
order to accomplish this we will endeavour to trace out those 
grju ral winds or great atmospheric currents which are known 
lo exist, mark their meteorological and other peculiarities, 
and note various accompanying .circumstances by which they 
arc distinguished, that we may, if possible, discover the real 
rauso that is in operation to produce the wind in each case. 
By adopting this course we shall bring facts to bear on theo- 
rt ii cal ^reasoning, and make ^|bem test its soundness ; wlpfet 
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promeo of Guayaquil, neat to tbe equator, where rain falls 
freely, but as it approaches this part it appears to spread out 
to the west And when it reaches the Galapagos Islands, six 
hundred miles from the continent, it becomes nearly an east 
wind. 

As thmre is no north-east trade wind in this part in the 
northern hemisphere, tbe south wind, just described, seems to 
be the only source of supply of the tropical trade wind in tbe 
Pacific Ocean. C. Darwin, speaking it, says—'* Oct 
sailed from the Galapagos, ai^ in the course of a few days got 
out die gloomy and clouded regiqp which extends, during 
the winter, far from the coast of South America. We then 
enjoyed bright and clear weather while running along plea- 
santly at the cate of 150 or 160' miles a day, before a steady 
trade wind." The distance to Tahiti is 3,SOO miles. “ Tbe 
temperature, in this more central part of the Pacific, is higher 
than near the American shore. The thermometer in die poop 
cabin, both by night and by day, ranged between 80° and 83*'.”* 
In this part tbe Padfic tbe trade wind is found to extend 
nearly from tropic to tropic, and is generally steady, excepting 
where it en^unters islands. Abun^ce of vapour exists in 
it, and when circumstances occur that condense any considci- 
abte portion of this vapour, tbe regularity of the trade wind is 
dbtnrbed. Tbe dangerous archipelago is in about 140° of 
kngitude and S0° of south latitude, and these idanda are oin 
cif tbe first groops tbe trade tgind encounters alt% leaving the 
ne%hbottrhood of South America. Captain Pitxroy sax^, 
tpeaking of thia part—" Singular interroi^icms to tlu 
Ifilde Urind oeenr in the low lagoon islands of the dai%erou> 
Not only does the eastern irM often fiitl amoDg 
bMtr squalls come from tbe efpeiita dtiecdon." 
la^ fiprdier nhttle more north, 

^i^lliise are lof^, llii*iM|mMnd ^ dfstettumcc of 
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the is found among them as in the low islands of 

the dangerous archipelago. Captain fitzroj says—'* From the 
latter end of December to the beginning of March, cloudy 
weather, -u^h much rain and westerly winds, is usual at 
Otaheitoi'^and he adds, Singular interruptions to the regu- 
larity of^lfae trade winds occur among all the tropical islands 
of this ocean."* The Marquesas Islands are aflected in a 
similar way to the Society Islands. 

The Pacific, in the vicinity of the equator, on the northern 
side, is without islands^ within tte longitudes of which we have 
been speaking, and the trade wind is there more regular than 
on the south side. From the longitude of the SocieQr Islands 
the wind proceeds, with occasional interruptions from various 
other islands, to the continent of Asia, and the East Indian 
archipelago. In Captain Cook’s third voyage, when speaking 
of Otaheite, and the islands to the west of it, it is said that — 
“In December and January the winds and weather are both 
\ory variable; but it frequently blows from the west-nordi- 
west or north-west, and then is generally attended by dark 
cloudy weather, and frequently by rain. It sometimes blows 
stiong, though generally moderate, but seldom lasts longer 
tliaii five or six days without interruption, and is the only 
wind in which the peoplcof the islands to the leeward come 
to this (Otaheite) in their canoes.” This weather, it will be 
observed, prevails when the sun has reached its southern lunit, 
.uul when evaporation must have pretty fully charged the 
southern atmosphere with vapour. At other times of’the year 
the w'ind is different. In the same part of Cook’ll third voy- 
age it is stated, that " ^e wind, (a^ Otaheite,) for the ^eatesr 
part of the year, blows from between eastnioutb-Mst Auieasi- 
noith-east. This is the true trade Wind,' and if aometimea 
blows with considerable fisnm. When Uds » die coae, the 
n cather is often cloudy, iddi ihowem rein, but when die 
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wind is more moderate, it is cldar, settled and sereM*** From 
the tenth degree of south latitude to the twentieth degree 
north, there are very few islands in the Pacific Ocean between 
the coast of America and the East Indian archipelago. In 
this vast space the eastern trade wind blows steadily, the dis- 
turbing influence of the islands within, or contiguous to it, 
scarcely afiTecting it. It was along this part that the Spaniards, 
in their early voyages, went from Acapulco to the Philippine 
Island^ But the eastern trade wind, so mild and steady in 
the open ocean, becomes disturbed as if approaches the islands 
of. the Indian archipelago, where it assumes a different 
character. 

In its progress westward it encounters the most easterly 
islands of the archipelago, and in this part of the tropical re- 
gions, both south and north of the line, the condensation of the 
vapour brought from the wide range of the Pacific produces 
very striking effects. Heavy rains fall, the regularity of the 
trade wind ceases, and winds blow in all directions, so as to 
constitute it a region of drenching rains and varying storms. 

It thus appears that the atmospheric current which is found 
on the western coast of Soufh America, and wdiich blows from 
the south along Peru towards the equator, is first a dry and 
comparatively cool wind. As it approaches the Galapagos 
Islands it turns more to the west, and after leaving them it is 
found extending nearly from tropic to tropic, and blowing as 
an east wind. Among the various groups of islands to the 
south of the equator the regularity of its current is materiaily 
diaturbod, more particularly at the period of the year w hen 
the southern atmosphere is the most fully charged with vapour, 
B|tt bh^the northern side of the line, where the sen is quite 
open^ it proceeds in an almost uninterrupted course from the 
(lalapagos to the eastern archipelago. And among the various 
grolips’of islands which there lie, both north and south of the 
equator, the vapour* which is brought by this atmospheric cur- 
rent is, to a great extent, condensed^ copious rains, 

strong winds, and frequent storms. 
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<il^pit«w o| the nor^era PadESe ONMmi it doai^ 

Mi; atmospherie cuqrMit flowa lr<8ii tbe m>tth > 
tawffdb tbe tropics, in the lower part jd the atatoi^lser0,.tio 
eonstittile, or to add to, an eastern tropical tt^tda wind. "<9nt 
io that part which is near to the eaatemvooast <d Aids a cold 
wind is found. l^Hrigators all agree that, 19 our waters/ the 
whole of the coast extending from Kamtachatha to the south of 
China is very cold for the latitude, and also dry. La Feronse 
and otbem have given accounts of the intense cold of winter 
along this line ; and .Dobel, the Russian traveller, ,jnys~- 
“ Towards the last of September or the be ginning of ^tober, 
at ibanton, the Pale Fung, or north wind, commences. This 
wind is so remarkable in its effects, and so immediately fel*, 
that should it begin at night, even when ail the doors and 
windows are shut, the extreme dryness of the air penetrates 
into the bouse immediately, and the furniture and floors b^fin 
to crack with a noise almost as loud as the report of a pistol.”* 
This wind, in the winter, blows from Japan to the common 
terminus of all the winds in these parts, the Indian Archi- 
pelago, and is felt as far as the island of Borneo, and -.even to 
the Java Sea. Malte Bran, when j[^eaking of the Philippine, 
Molucca, and Timorean chains of mountains, says — ** In (he 
wesl^era parte the rains prevail during the months of June, 
July, August, and.part of September, the season of the w«t 
and north-west' win^ I and the adjoining seas are tempratuous, 
the lands inundated, and the plains converted into wide lakes. 
At this time the easterly and northerly parts enjoy fine wefi~ 
tber. But in October and the succeeding months the 
winds, in 'thj^ tawii sweep the coast wiUi eijual fmy, s^pepm* 
panied equid abno^iaijce of rain, and the same ihimd<^ 

tloiM hidm '^ace, so that when (he wMther is dty in mm^disteiet 
it is ^ the other.** * ’ ! V'. 

PHa t^^edsatioh of yapoltr that passes the north by 

. wm, w. 
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thetCShkHt Sea is evidently effected about t]>e' ulancla'<)f;tbe 
Indian Archipelago, and, consequentlyj towards toem ffiitedd 
rarrent flows as a omth and not a north-wast'wind^vibflit 
that part of the same great cold current which makes its wi^ 
oSer central Asia to the Arabian Sea and the Bay oi Bei^I, 
into the Indian Ocean, and which is knosto as tbs nmrtfa«saat 
or winter monsoon, instead of Continuing a nortb^eSst wmd, 
turns and flows as a north-west wind to those same idanda of 
the Indian archipelago, where its vapour, or a large part of it, 
iii condensed. 

Thus it appears, that condensation arrested the progress of 
the general tropical trade wind among the islands of dte 
Paciflc, and sometimes produced an opposite wind ; that ^it 
cftused a north instead of a north-east wind to blow ever the 
China Sea, and converted the north-east monsoon into a 
notth-west wind in the Indian Ocean. But if condmieBtion 
can thus cause currents to deviate from their courses, or even 
reverse them, may not the same condensation produce the 
currents themselves ? Reverting to the first case noticed — 
may not the condensation which takes place against the east- 
ern side of the Andes, within the tropics, be a principal cause 
why the winds called the north-east and south-east Atlantic 
trades, prevail in their respective localities ? Condensation, 
we have seetf, is great on the eastern side of the Andes, and 
firom that region whence the Amazon and the Oronoco are 
supplied with water, we may trace the drawing effects of that 
condensation in the two hemispheres backwards along the two 
lines of the trade winds to Madeira and the Cape of Good 
Ho]^. 

Supposing such to be the operation, we may comdder this 
tropical Tepoa an area or site of condensation of atniilMphi^ 
-vaponr, which condensation creates an extensive ascending 
current in the atmosphere, and air not being aUe - to eotne 
o'venr^l^ monntains from the west, the cold etmcnttitomlM^ 
heink|dfe«es press and flow from tbe east to /urnish 
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^ ^ mpolur. Aod the cold conente flow from 
gteMt'flsilMoeB alot^ particRlar ehsonele, and not from other 
qlMOStiii^ or abog other channels) towards this area; because 
oodurtwdHngeauses sufficient!; poi^rful interfere to divert 
than from those channels. Condensation in this region may 
thus boiconsidered to act on the trade winds as a flrst moving 
power or a cause, drawing air towards a place where it is in 
active ^ration. , 

If this view is correct, we shall have to consider the different 
degrees influence of the direct rays of the sun on surfaces 
of the tropicd and polar regions, as but one of the causes of 
the great atmospheric currents, and that too the more feeble 
one; whilst condensation generally in the tropical regions, and 
in particular localities within tiiem, will be another, and that 
the more powerful cause. Inequality of temperature being 
the great cause of all atmospheric movements, diat inequality 
may be found to arise in a greater degree frpm condensation 
of vapcHir, than from the difference between the tropical and 
polw temperatures of the surface of the globe. 

Within and near to the tropics the sun is constantly 'ex* 
ertmg its power, not only in heating the surface of the globe, 
but also in vapourising water, and the heat which was fur- 
nished by the son during the process of evaporation, is given 
out when condensation takes place, and a general rise and 
overflow of the atmosphere in the tropical regions is the result. 
And if from local causes, such as the existence 'df elevated 
laiid,much condensation should take place in certain parts 
Wltljn ^e teopio^ great heat must be g^veti out in.those parte, 
end the aseendiDg currents would be there particularly stroflg. 
fHofWt -thfl elevated ridge of the Andes, within the tropics, is 


load cause of condensaton, and as such produces 
fteMM^^ngflurctmt, which draws towanls ittelf those portions 
in both the northern and southern hemi- 
lllHiiipfkffst on low levels, and which are the least exposed 
^InfliittliaM. It foUowa that, to the eondensatiop 
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oCT^aj^ur in this part of America we may attribute the ei0W|^ 
ehc 9 of the north-^east and south-east Atlantic trade wihds. 

. " The same kind of statement and reasoning wiU appljrtotbe 
eastern frade wind of the Facific Ocean. This wind) we hitw 
seeii) terminates amonf the islands of the East Indian archl^ 
pelagO) where very copious condensation is known to take 
place. We may, therefore, consider the condensaiioii . of 
vapour, on the eastern side of the archipelago, a principal 
cause of the eastern trade wind whrch prevails in the tropli^ 
regions of the Pacific Ocean ; and this cause in its Qperation 
extends backwards from the archipelago across the Pacific to 
America, and then, the mountains preventing any further 
supply coming from the east, southward along the coast of 
Peru. And thus these two localities, the Andes and the 
Indian archipelago within the tropics, become the sites of the 
active operating causes which produce the tropical trade winds^n 
That condensation of vapour, and not difierence of surfat^ 
temperature, is the principal cause of these atmospheric 
currents may be readily admitted to be possible, because we 
find that condensation is able to overcome the influence which 


is supposed to result from difference of surface temperature. 
Did the latter cause produce the currents, or were it tlic 
principal cause of their production, all nortli-east and south- 
east winds must have become cast winds when they entered 
the low level regions of the tropics. This follows, as a neces*^ 
sary consequence, on Hadley’s theory, because, on that thcoty) 
a nortb*east wind, from tlic north, and a suuih-east wind, frmi 
tbd south, when they reach the tropics, must take a 


determined by their joint force, and, cousequendy# m 

come an east wind. But in the Indian Ocean, 

li^^, "Inhere is a soutli-east wind which reachestIie^ehlS 4^i^ 


pf la^tude, and to the north of the line a 
vfl^^rblows from the continent of Asia, ovei^ 
Sea^pd.the^Bay of-fienga!,ifi.ta the 
bu;| diosa..twq winds do not join in 
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^quatcn^ attd be&nue sn east wfnd, blowitfg on Iro^eal AMce, 
ft tb^ would 4 ( the Ehdihjan theory were true. No ; so 
ftr iirom that taking phee, we have seen diat the vety opposite 
peentt is experienced. The north-east wind turns round and 
ft>ws back as a west instead of flowing forward as an east wind, 
and is flnrify absorbed in that ascending vortex which appears 
to exist over the islands of tho archipelago. Here, then, we 
have an instance where the influence of condensation of vapour 
is opposed to that of inequality of surface temperature, and 
where the former is shewn to be the superior force. And if 
we are to attribute to condensation of vapour the prevalence 
of the north-west wind of the Indian Ocean, why should we 
not refer to the same cauSh the tropical east wind of the 
Farifle ? Hie archipelago is placed within the tropics, with 
die Indian Ocean on one side to the west, and the Pacific 
Ocean on the other side to tiie east, and winds blow towards 
it from both sides — from the west and from the east ; and w’hy 
should we suppose a different cause to produce the wind on 
the on4 side, to that which evidently produces it on the other ? 
There is no valid reason for such a supposition, seeing that 
CKmdensation is quite as active on one side as on the other, 
and is as capable of producing the m ind' from the Pacific as it is 
that fVom the Indian .Ocean. 

And within the Pacific Ocean itself wc saw that the small 
islands which are scattered oVer its immense extent, were able 
to disturb, and even to reverse the general winds, when those 
hitaRda condensed an adequate amount of vapour. Both 
Oaptain Cook and Captain Fitzroy state that, when the 
hemisphere was fully charged with vapour, heavy 
about these islands, and the winds then blew towards 



the west, instead of blowing from the usual eastern 
And Captain Fitzroy says that, at the period of the 
lOifli thepi westerly winds extended sometimes across 
[•'Pacific, by the dangerous archipelago, even to the 
lavanuil. when heaw rains fell in that iiart. furn^ 
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nisbiiig, in this reversal of the windi another striking instance 
of thef paramount influence of condensation of vapour in deter**"^ 
mining atmospheric movements. 

It has been shewn that the general eastern direction of the 
tropical trade wind was reversed in the Indian OceaUf as a 
west wind blows from that ocean to the Islands of the eastern 
archipelago. But that is not the only part within the tropics 
where a west wind is to be be found. On the western coast of 
Africa^ extending from 10® north to say 15® south, in the rainy 
seasons, westerly winds prevail, and they appear to be pro- 
duced by the same causes as those which determine a west 
wind to blow on the eastern archipelago. There are, in the 
interior of Africa, not far frcfln the equator, mountains 
sufficiently elevated to condense a large portion of the vapour 
which is there found to exist in the atmosphere. On the 
coast very heavy rains fall, as much, according to Major 
Tulloch, as 300 inches in the year having been observed in 
one part ; and the interior is known to resemble the coast in 
this particular* In some map^, one locality, near the equator, 
to the south, is marked as having perpetual rain. This region 
of condensation extends, in the interior, to the 15th degree 
of south latitude. In this part condensation of vapour appar- 
ently reverses the general eastern direction of the tropical 
atmosphere, as, during the rains, a north-w'est, west, or south- 
west wind is found to blow. The copious condensation 
extends to only about 15*^ north — beyond that little rainfalls. 
Presuming these rains to fall south or north of the line, 
according to the position of the sun throughout ibn SO^ of 
latitude named, we have a sufficient cause for the wet^erly winds 
which prevail on the coast. In the interior of Africa, m over 
the East Indian archipelago, condensation of vapoof prodoeei 
aH^nding aerial currents, and the western winds blow to lead 
these parts of the tropical regions. 

Ankbtro# these winds, although it hrnot 
tro^l iragiofis, is the south-west monsoon the ^ 
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Ocean and parts adjacent. It has been shewn thati in the 
winter^ a north-east ^nd blows over central Asia, the Arabian 
Sea, and the Northern Indian Ocean ; in the last-named part 
becoming a north-west wind by bending eastward towards the 
eastern archipelago. But shortly after the sun has passed the 
equator, to move farther northward, condensation takes place 
freely on the north side of the line, and it is earliest in the 
most elevated parts that are near to the line. At the same 
time the south-west monsoon begins to blow ; and, as the sun 
advances north, condensation in the locality increases, and the 
monsoon blows more fiercely. The period of the greatest 
condensation is when the action of the sun has caused the 
greatest evaporation in the northern hemisphere, and famished 
the greatest abundance of vapour north of the line. At this 
time tlie south-west monsoon rages over the whole of that 
part of the surface of the globe which is included between the 
equator and the Himalaya mountains, and along the coast of 
China, and between say the 50th and l£0th degrees of east 
longitude. Over this space the summer monsoon blows with 
various degrees of force, and rain falls in various degrees of 
abundance ; the strength of the wind appearing to bear a 
constant relation to the amount of rain. It has been stated 
that ill a part of the ghauts upwards of 80^2 inches of rain 
have fallen in a year. In the Bombay Tinies^ of August 
19tb, 1840, is the following account — ‘‘We have just heard 
of a most enormous fall of rain at the Mahabalcshwar hills, 
amounting, since the beginning of last month, to no less than 
184 inches ! The greatest fall in one day is 13} inches. This 
is very much beyond tho ordinary quantity for the rainy season 
at the hills, Uiough tho fall there does at all times gtea||y 
exceed that at Bombay.*' But a very largo amount of con- 
deniatitm also occurs against the south-west side of the 
Himalaya mountains, where the heavy rains feed the Indus, 
and Burbampootert I have not met with any 
Mdlint ^ thn auantitv.of rain that falls against these moun- 



to m .ovor Hdgs jnto ^ 

jrainsneitber man nor beast can inhabit it; even tho 
|nlPi or pa$t«runners» are obliged to be changed often, owuig 
^ mU^fcJts ctf/krer.*"* These rains arc not confined to the 
or the low bilhjust above them, but fail freely amoag 
tbfii mouiiUdna^ Malle Brun, in his Ocognpb;, In 

the intetlor and vrcatern part of India the rainy seaioii com- 
mences in April or May, and continues to the end of October* 
On the Coromandel const it begins later, os the clouds which 
are brought by the south-west winds are detained by the 
ghauts* While this season lasts it is a rare thing to see the 
rays of 4he sun penetrate the dense vapours with which the 
atmosphere is loaded. In Bengal it rains incessantly for 
many days. Twenty or twenty-two inches depth arc com- 
puted to fcdl in a month.^’f “ The Ganges rises 15 feet by 
the end of June. By the end of July all the low acljoining 
land is flooded.” The great amount of condensation in this 
part sufficiently accounts for the fierce storms which occur 
there, ai|d they extend to the China Sea, where they are 
called t\phoons. 

The cause of tJie south-vic'^t monsoon is generally said to be 
found in th^ heating of the continent of Asia by the suifs rays; 
this, however, cannot be the cause, as we know' that Hin- 
doostan is covered with clouds during the rainy se^ison, hut 
the facts already given furnish sufficient evidence that con- 
densation of atmospheric vapour is an adequate cause. And 
we may, therefore, conclude that the great condensation 
which takes place in this region produces ascending aerial 
c^rbnts, and, as a supply of air cannot cross the mountains 
from the north, the air from tlie or^uator rushes in, and pro- 
dtioes the south-west monsoon. It will hereafter be more 


* An'her't) Travcln, f»Age 1207. 
t Malle IJran, voU 3, |>ago 
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fblty shown that iuii«>heated lands do not produce snch winds* 
If Aey cottld» the heated land of tropical Africa would draw 
towards itself the air from that part of the Indian Qjpean which 
lies to the north of Madagascar, and an eastern wind would 
blow there towards tropical Africa. But the fact is, the 
south-west monsoon blows in that part, which is from the 
heated land, and not towards it. 

W e have thus traced some effects of condensation of vapour 
in producing atmospheric currents within and near to the 
tropics. But the same process may be discovered in active 
operation beyond the tropics in both licmispheres, extending 
into the temperate regions, and in one part even into the polar 
region, giving rise to atmospheric movements of great extent 
and importance. 

One of these winds is the ^ ell known south-west wind of 
the Atlantic Ocean, which passes from the northern tropic 
about the West Indies, and crosses the Atlantic to the north- 
western coast of Europe. This wind prevails particularly in 
the 'latter half of the year about the British islands, and 
extends to Norway and Iceland, and into the arctic sea, and 
throughout its whole course is distinguished for its rain and 
local winds. Rain and snow fall very freely on the western 
side of the mountains of Norway, and make the country warm 
in the winter, compared with contiguous parts in the same 
latitudes ; there must, consequently, be ascending aerial cur- 
rents and winds. The western parts of Ireland, England, and 
Scotland, are wot and warm in the winter for the latitude. 
In Lancashire, at Esthwaito Lodge, 86 Indies of rain fell in a 
year, and at Beddgclert, on the south side of Snowdon, in 
North Wales, 79 inches fell in 1842. Between Ireland and 
the United States wind and rain are prevalent, and heavier 
rains and storms are common in the West India Islands. In- 
deed, the line of this atmospheric current exhibits all the 
indications commonly seen in those tropical currents which 
are highly charged with vapour, and this may, therefore/ be 
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coQSidered a curreot which has flowed from tropical partSi and 
which . terminates in the regions of condensation about Norway 
and Spitz^rgen. 

A current to correspond with this is found in the southern 
hemisphere, which appears to overflow from nearly the same 
longitude of the tropics, and, doubtless, through the operation 
of similar causes, to those which gave birth to the northern 
Atlantic current. It is found off the southern part of the 
coast of Brazil, by ships proceeding from Europe tp Hin- 
doostan, in about the 20th degree of south latitude. From 
this part a north-west wind blows across the southern Atlantic, 
and it passes a little to the south of the Cape of Good Hope. 
Captain Basil Hall says, in his account of his voyage to Loo 
Choo — It is essential to the success of a passage from the 
Cape of Good Hope to Java, or to any part of India, to run 
to the southward as far sometimes as 40®, in which parallel 
the wind blows almost invariably from the westward all round 
the globe. The requisite quantity of easting is thus easily 
gained| though at the expense of some discomfort, for the 
weather is generally tempestuous. This point once accom- 
plished, the ship’s head may be turned to the northward, and 
aU sail made to reach the south-east trade. On a knowledge 
of these particulars the success of eastern navigation essentially 
depends, and with it, if sailing at a proper time of the year, a 
fair wind all the way from Madeira to Canton may be 
obtained.”^ This west wind, which blows all round the globe, 
proceeds to Van Dieinan’s Land and New Zealand. In a re- 
cent account of the colonization of the latter place, it is stated 
that the entire west side of the island is a monotonous 
line of coast, and on account of the prevalence of westerly 
winds, is yet little visited ; but in its centre, trendis# towards 
tl^ funnel^^sbaped entrance to Cook’s Straits, the high pyramid 
of Mount Egmont rises like another Peak of Tenerifife, full 
10,000 feet above the level of the sea, and serving, cooiS^ 
« Captaki Bstii HaU'f Voyage, imge 
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quently^ as a conspicuous land mark for ships navigatingf 
thitherwards from the west ; its bold snow-covered crest ever 
shrouded in mist.” Here then we may, for the present, 
consider this current to terminate. It passes over the ocean 
through about 210® of longitude ; that is, from 46® west to 
166® east, but, unlike the corresponding current in the 
northern hemisphere, it does not approach the polar region. 
Both currents, however, flow towards lofty mountains, against 
which heavy rains fall, and near to which winds and storms 
are prevalent. 

In the great Pacific Ocean there are two aerial currents, 
similar to those we have just traced ; one of them in the 
northern and the other in the southern hemisphere, and 
apparently overflowing from the great tropical trade wind of 
the Pacific. That in the southern Pacific may be traced from 
the eastern side of the islands of New Zealand across to the 
continent of America, from 180® to 75® of west longitude. 
Throughout the whole of this extent there appears to be no 
land of sufficient magnitude materially to disturb this current, 
and it, therefore, proceeds in its course until it encounters the 
western coast of Patagonia apd the island of Tierra del Fuego. 
This part is not much frequented, but we have some 
accounts of it. Captain Fitzroy says — ** Beyond the region 
of tropical or eastern trade winds an almost continual succes- 
sion of westerly winds is found to prevail. In these middle 
latitudes easterly winds sometimes blow, but their amount is 
not more than * one-fifth that of the west throughout the 
year.”^ And, when reasoning on the possibility of S<mth 
America having been peopled from the west, he says — ft is 
not impossible that vessels should have crossed from New 
Zealand to South America, running always before the fresh 
westerly winds so prevalent southward of 38®.” As this wind 
approaches the western coast of the southern extremity of 
America it assumes a more stormy character ; and on this 
* Oajptsin Vitnoy, 632. 
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eoistlliavB seems to be a larger amount of condensation of 
yapour than in any other part of the world in nearly the aame 
latitude. 

Captain Fitzroy says-^^^ The climate of westein Patagonia 
is so disagreeable that the country is almost uninhabitable. 
Clouds, wind, and rain are continual in their annoyance. 
Perhaps there are not ten days in the year in which rain does 
not fall, and not thirty in which the wind does not blow, 
strongly ; yet the air is mild and the temperature surprisingly 
uniform throughout the year.” And, “ From Cape Pillar to 
Cape Horn the coast of Tierra del Fuego is very irregular and 
much broken, being in fact composed of an immense number of 
islands. It is generally bold and free from shoals and banks. 
The coast varies in height from 800 to 1500 feet above the 
sea. Further in shore are ranges of mountains always 
covered with snow, whose height is from 2000 to 4000 feet, 
and in a few instances about 6000 or 7000 feet.”* “Fogs 
are extremely rare on this coast, but thick rainy weather and 
strong winds prevail. Westerly winds are prevalent during 
the greater part of the year. All kinds of shifts and changes 
are experienced, from north to sguth by the west, during 
summer, which would hardly deserve that name were not the 
days so much longer, and the weather a little warmer. Rain 
and wind prevail during the long more than the short days.” 
These extracts are sulScient to shew the climate of this region 
of condensation, wherein vapour brought by the western 
atmospheric current of the southern Pacific, is condensed. 

Such. are some of the meteorological peculiarities of this 
terfllinus of the great western current of the southern Pacific. 
The large amount of condensation of vapour must, it is 
presumed, here produce a partial vacuum in the atmosphere, 
and an ascending current which draws air not only from the 
west, but partially from the south \ and as, in both direotious, 
the sea is open, the air which arrives from Jthese quarters is 

* Captaki Fit«oy, to! 2, page 31 2. 
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charged with a full portion of rapour^ and thua copious con- 
denai^tion is continued and perpetuated. 

In the Northern Pacific similar phenomena are to be 
observedi allowing for the eiSects of local influences. An aerial 
current prevails from the Japan Isles to the western coast of 
North America. Captain Fitzroy, arguing respecting the 
possibility of America having been peopled from the west, 
says — Neither is it at all unlikely, on the contrary it is 
highly probable, that Chinese or Japanese junks were driven 
to the Sandwich Isles, perhaps across to the American coast.”* 
And again — Beyond the region of tropical or trade winds 
an almost continual succession of westerly winds- is found to 
prevail.” From the Japan Isles to New Albion and Cali- 
fornia the sea is quite open ; not a single large island exists to 
disturb the progress of this western atmospheric current, and 
it, consequently, proceeds to the American coast.* Along the 
whole of this coast, from the Isthmus of Panama to say 60® 
of north latitude, there are lofty mountains generally not far 
from the sea. Reasoning from the principles here maintained, 
the result, we shall find, must be, that the vapour brought 
from the Northern Pacific Ocean will be condensed against or 
near to the sides of these mountains, and effects will be expe- 
rienced near to them similar to those which have been traced 
at the southern extremity of America — rain will fall copiously, 
the climate will be warm for the latitude in the northern part, 
and the whole will be windy and frequently stormy. 

Captain Basil Hall, in his account of the western coast of 
America, says — “ From J une to November every part of the 
south-west coast of Mexico is liable to hard gales, torna- 
does, or heavy squalls — to calms, to constant deluges of rain, 
and the most dangerous lightning : the coast is so unhealthy 
at this time, as to be abandoned by the inhabitants.” Lewis 
and Clarke passed a portion of an autumn and winter near the 
mouth of the Columbia river, say in latituda47®| and the fol- 
* Captain FUsroy, page 652. 
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lowing extracts present a specimen of the way in which they 
speak of the climate: — **Nov. 11. The wind was still high, 
from the south-west, and drove the waves (in the river) with 
great fury against the shore; the rain, too, fell in torrents.” 
^^Nov. 24. Since our arrival the weather has been very 
warm, and sometimes disagreeably so.” On the 11th Decem- 
ber—*^ The rain continued last night and the whole of the 
day ; several of the men are beginning to suffer from the ex- 
cessive dampness.” .On the 21st — ** As usual it rained all 
night, and continued without intermission during the day.” 
Dec. 31st — ** As if it were impossible to have twenty-four 
hours of pleasant weather, the sky last evening clouded, and 
the rain began and continued through the day.’* 

In Cook's third voyage, vol. 6, when near Cape Flattery, in 
latitude 48®, we have this remark in March : — ** Thus we had 
pepetually ^rong west and north-west winds to encounter.” 
And some time afterwards it is said — After leaving Nootka 
Sound, in latitude 54^, it was stormy. The climate is 
infinitely milder than that on the east coast of America, under 
the same parallel of latitude. The Mercury in the thermo- 
meter never, even in the night, fell lower than 42®, and very 
often in the day it rose to 60®. No such thing as frost was 
perceived in any of the low grounds ; on the contrary, 
vegetation had made considerable progress, for 1 met with 
grass that was already above a foot high.” It was in 
April. 

The same kind of weather is experienced furtlier north, in 
60® latitude, so that the vapour brought by this western 
aerial current of the Northern Pacific must be spread along 
the whole coast, where it is extensively condensed against the 
western side of the lofty mountains which exist throughout 
this range, producing those drenching rains that have been 
described, making the temperature high, and creating 
ascending aerial currents, strong winds, and furious storms. 

In the«ccounts which have been thus given of a number of 
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aerial currents, they have been traced to various termini, all 
of which are areas of condensation of vapour. The trade 
wind from beyond Madeira was followed to the Andes; to 
which locality another wind, from the Cape of Good Hope, 
was also traced. The south wind of Peru was found to cross 
the Pacific within the tropics, and terminate among the islands 
of the eastern archipelago, to which part a west wind also 
blows from the Indian Ocean, making this group of islands 
the common terminus of two opposite winds. Westerly winds 
have been shewn to blow about the middle of the tropical 
regions towards the mountains of Africa, though the general 
direction of the wind within the tropics has been supposed to 
be from the East. The south-west monsoon of the Indian 
Ocean also blows during summer. So far, then, we find 
that in the tropics there are two east and three west winds, 
and all five terminate against, or among, mountains. Of the 
winds that blow from the tropical to cooler latitudes, we have 
seen that, in the northern hemisphere, one reached Norway 
and Spitzbergen, another to the Himalaya mountains, and a 
third to the western coast of North America. And in the 
southern hemisphere one wind passed from Brazil to New 
Zealand, and another from New Zealand, across the Pacific, 
to the >vesteru coast of South America. All these termini 
are known to be localities of great condensation of atmospheric 
vapour, where the temperature of the air is evidently increased 
by liberated heat, and where partial vacua must consequently 
be created, and where it is therefore presumed that ascending 
currents must be formed, making these localities large natural 
chimnies, tow’ards which atmospheric air flows or rushes with 
different velocities, from great though varying distances, but 
with sufficient force to make them the prevailing winds, 
overcoming or modifying all minor influences, such as the 
inequality of surface temperature, and the different rotatory 
velocities of different latitudes, by the superior energy of con- 
densation of vapour, and making the ascending aerial currents. 
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condensation, the prime causes and active 
l^bdiii^rs of all the great winds that are found on the globe. 


Sun-heated Land, and Sea and Land Breezes. 

On no one point do meteorological writers, and those who 
treat on subjects connected with meteorology, more universally 
agree than on the influence of sun-heated land on the adjoining 
atmosphere, in causing that atmosphere to flow towards the 
heated land. The heated surfaces of broad continents are 
pointed out as the causes of strong and long continued winds ; 
and coasts and islands which have their surfaces heated during 
the day by the sun’s rays, are said, with undoubting confidence, 
to have that heat communicated to the air resting upon them, 
which causes the air to rise, and thus admits the cool sea air to 
flow in by day, producing a sea breeze. And these facts are 
stated to be observable in many parts of the world, presenting, 
it is assumed, evidence of the strongest kind to support the 
opinion that such winds and breezes are caused by the air 
resting on the heated land being rarefied and raised by the 
direct influence of the sun’s rays. 

It is true that regular alternating sea and land breezes arc 
found on coasts of continents and islands in many parts of the 
world. But, to those who think that they are produced by sun- 
heated land, it must seem a singular fact, that such breezes 
should not be found in those parts where the causes which 
are supposed to produce them exist in the strongest degree. 
The sun must heat the north-western part of the Sahara, or 
North African Desert, every day up to a very high tempera- 
ture, yet no regular sea breeze prevails on this coast. Now, 
if sun-heated land caused the sea breeze in the way described, 
how could this be? It is known, also, that the temperature 
of the land in this part sinks greatly at night, and there is, 
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consequently, th&t difference of temperature between day and 
night which it is presumed always produces .the sea and 
land breezes, but no sucb breezes are found bere. The north- 
east trade wind, in a gentle form, prevails during a great part 
of the year off this coast, and the atmosphere is clear. To 
use the language of Make Brun — “The earth beneath is 
scorching— the sky above is on fire,” on the desert land, while 
the trade wind near to it is comparatively cool, and yet there 
is no sea breeze. It may be said that the trade wind, blowing 
away from the coast, is sufficiently strong to overcome the 
tendency of the air to flow from the sea towards the hot desert. 
Tliat, however, is giving up, in thi^ instance, the theory in 
question. But we shall see, presently, that the sea and land 
breezes, where they exist, modify or overpower the general 
currents of the atmosphere, as on the coasts of Peru and 
in the islands of the South Sea. But why have we not the 
daily sea breeze on the more southern part of the coast of this 
dry African Desert, say in about the latitude of 20°, which 
part is beyond the influence of the trade wind? In this part 
no regular sea breeze is ever noticed. 

W ere it, however, this part of the world alone, where the 
cause which is said to produce the sea breeze exists in so very 
strong a degree, and yet where no sea breeze prevails, it might 
be considered one of those exceptions which are occasionally 
met with that cannot bo accounted for, but which are not held 
suliicient to overturn a theory, resting on a great number of 
other cases, presenting evidence in its favour of a conclusive 
character. But the north-west coast of Africa is only one 
instance out of a number which might be named. In the 
neighbourhood of the Arabian Sea land is found which, in our 
summers, is heated up to a high temperature. The southern 
part of Arabia is very hot compared with the temperature of 
the adjoining sea, but does the air flow from that sea towards 
and over the heated land? It certainly does not. On the 
<’ontrary, when the summer monsoon is the ^strongest, and the 
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land of Arabia the hottest, the wind blows from the west, and, 
consequently, it blows from the greatly heated land, towards 
and over the cool sea, or just iii the opposite direction to what 
would be found if the common theory respecting the cause of 
sea breezes were true. And to the south of Arabia, along 
the eastern coast of Africa, from Cape Guardafui by the dry 
desert of Ajan, Zanquebar and Mosambique, extending from 
ten degrees north to twenty degrees south, there is Fand so 
greatly heated as to make it some of the hottest in the world ; 
yet the comparatively cool air of the Indian Ocean does not 
Sow towards this land, but, as on the Arabian coast, the wind 
blows from the heated land over the cool sea. In Major 
Harris’s account of Abyssinia, recently published, is the 
following passage : — “ Landing at Tagura, a port near the 
entrance of the Red Sea, the embassy crossed the belt of 
land which stretches for a breadth of three hundred and fifty 
miles to the mountains ; a desert scorched by an ardent sun, 
and alive only with moving pillars of sand.” A popular com- 
pilation describes the winds of this part thus : — “ In the 
Mosambique channel, the south-west monsoon begins in 
April and continues till November. The north-west then 
succeeds, and continues till April, but does not extend south 
of 23^ of south latitude.” The north-west and south-west 
monsoons are weaker and more variable in the Bay of Bengal 
than in the Gulf of Arabia, where they are more constant as 
well as more violent. In their progress westward (that is, in 
their more western part) they gradually range over a wider 
space ; they blow over the whole of that track of sea that lies 
between Africa and Madagascar from the west, north-west, 
and south-west.” ♦ That is, both monsoons blow froni the 
west along this hot coast, which Is from the hot land to 
the cool sea, in direct opposition to the theory contained in 
Malte Brun’s Geography, and copied into Lizars’ Atlas. 

But other ph^omena, which occur during the prevalence 
♦ Lizttw’ Atlas, p. 37. 
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of the south-west monsoon, in another quarter, are, if pos- 
sible, more decidedly opposed to this theory. If any one 
part of the broad expanse of the continent of Asia could he 
heated so as to draw air from the Arabian Sea and the Indian 
Ocean during the summer, it would be that part which lies 
between Hindoostan and the Lake of Aral, including the 
region between the Valley of the Oxus and Persia, and the 
land of this part, unlike Hindoostan, is not screened from the 
sun by thick vapours. But what says Burnes respecting the 
winds of this part? Why, that about the latter end of June, 
though the thermometer was at 103^ in the day — In this 
country a steady wind generally blows from the north.*' • And 
on the ^3rd August, after having passed the Oxus — ** The 
heat of the sand rose to 150°, and that of the atmosphere 
exceeded 100°, but the wind blew steadily, nor do I believe 
that it would be possible to traverse this track in summer if 
it ceased to blow. The steady manner in which it comes 
from one direction is remarkable in this inland country.” 
Again — ** The air itself was not disturbed but by the usual 
north wind that blows steadily in this desert.” And he has 
many other similar passages. Now, the theory to which we 
have adverted teaches that the heated air over this land 
ascended, and allowed the comparatively cool air from the 
Indian Ocean to rush in to supply its place, and thus to 
constitute the south-west monsoon. But we see that so far 
from the south-west monsoon blowing into these heated parts, 
an opposite wind, namely, the north, blew from them towards 
the parts where the monsoon was then raging, the mountains 
being, apparently, the common terminus of both. 

The belief in the effects of sun-heated land on air, in pro- 
ducing winds, is likely to exercise influence on the conduct of 
navigators, and may lead them into Serious errors. Captain 
t^asil Hall, when giving an account of navigating a part of the 
Pacific, which is subjected to similar influences to those which 
* Burnes, p. 18. 
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produce the south-west monsooUi has these remarks : — That 
portion of the Pacific Ocean which stretches from the Isthmus 
of Panama to the peninsula of^California, lies between eight 
and twenty-two degrees of north latitude. Now the sun’s 
rays strike directly upon the adjacent great territory of 
Mexico^ and, by heating the land violently, cause the air 
to rise over it. But the vacuum is filled up, not only from 
the northward, but by the comparatively cold air in the 
equatorial regions, in the' neighbourhood.** And he goes on 
to say—'* When I was sent to visit the south-west coast of 
Mexico alluded to, and was left to my own choice, as to the 
manner of performing the voyage, I miscalculated the pro- 
bable efiect of so vast a heater as Mexico, and expected to 
find the winds from east or north-east, and therefore began 
my voyage at Panama. I soon learned, however, to my cost, 
that instead of being to windward of my port, I was dead to 
leeward of it, and I had to beat against a westerly wind for 
many weeks.” 

This part of Mexico has been already alluded to, but it 
may be desirable again to refer to accounts of it. Humboldt 
says that along this coast — ** Sugar, cotton, cocoa, and indigo, 
are abundantly produced only at an elevation of from 1968 to 
2625 feet.” And this is the region of heavy rains and malaria. 
He further states that — ** On the declivities, at the elevation 
of 3937 or 4921 feet, there prevails a mild climate, never 
varying more than four or five degrees. To this region, of 
which the mean annual temperature is from 68"^ to 69^ 8', 
the natives give the name of * Tierras templados.’ Unfor- 
tunately these tracts are covered with thick fogs, as they 
occupy the heights to which the clouds usually ascend above 
the level of the sea.” ** The plains, which arc elevated more 
than 7218 feet above that level, and of which the mean 
temperature i^ under 62^ 6 \ are named * Tierras frias/ ' 
Thus it appears that the lower part of this country is very 
rainy, the middle land is covered with thick fogs, and tlm 
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upper is cool from its elevation; consequently, the general 
surface of the ground cannot be made hot by the rays of the 
sun striking on it. Occasionllly parts may be made hot by 
the direct rays of the sun, but the general character of the 
country is that which is given by Humboldt. The heat which 
produced the winds that surprised and baffled Captain Hal], 
came, there is no doubt, from the condensation of that vapour 
with which the atmosphere in this part is known to be loaded, 
and not from the direct action of the sun’s rays on the surface 
of the earth. And it is very desirable that persons similarly 
circumstanced with the Captain, should understand the theory 
of those operations that arq, going on around them, and which 
exercise such an influence over them. Captain Hall regrets 
that he had not previously considered what a great heater the 
land of Mexico must be, in order that he might have avoided 
the winds which blow in that quarter. And with his theory 
in his mind, whenever he approached a land greatly heated by 
the sun’s rays, he would naturally take the requisite means to 
avoid the wind which he would expect to be blowing on it. 
Had he, for instance, been afterwards sent with his ship to 
serve off the north-west coast of Africa, in the summer, and 
liad expected to find a strong wind blowing towards the land 
because the adjoining desert was a great heater, he would, as 
has been shewn, have been as much disappointed off the coast 
of Africa as he was off the coast of America. The surface of the 
land in Africa is really a great heater, yet there are no strong 
or long-continued winds found on the coast, as there are on 
the west coasts of Mexico and Hindoostan. Navigator® seldom 
visit the African coast named, but they pass at no great dis- 
tance from it, and were there strong winds blowing, would 
assuredly speak of them. Darwin says^ — ** At St. Jago, Cape 
de Verd islands, the atmosphere is generally very hazy; this 
appears due to an impalpable dust which is constantly falling, 
even on vessels far out at sea. Afterwards, "when the air was 
clear, the hygrometer gave a difference of 29® & between 
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^ tmpmture of «ir and the dew^poiot*^ Indeed, Iroin 
MCideini^ % the Canary lalandsy fdong the desert coast to 
*l3spe Blancoi and the Cq>e de Verd islands, either calms or 
dry winds from the desert are generally met with* The 
«harmattan> or land wind of the desert^ is sometimes encoun- 
tered, and it is this wind which takes the fine dust so far out 
to sea. The whole of the coast is remarkable for the want 
of water, in that particular resembling the south coast of 
Arabia, and the eastern coast of tropical Africa, and in none 
of those parts does the wind blow from the cool sea to the 
heated land. 

Eastern Patagonia lies between say 40° and 53° south, and 
the nature of the country may be seen from the following 
extracts from Captain Fitzroy’s Voyages : — Fresh water is 
seldom found in these wastes; salinas are numerous. The 
climate is delightful to the bodily sensations, but for the 
productions of the earth it is almost as bad as any, except 
that of the Arabian or African deserts. Rain is seldom 
known during the three quarters of the year, and even in 
the three winter months, when it may he expected, hut little 
falls, except on rare occasions, when it cotnes down heavily 
€ot two or th^ee days. Sea winds sometimes bring small 
miaty rain for a few hours, at any time of the year, but not 
enough to do good to vegetable productions. Generally, a 
bright sunny day is succeeded by a cloudless and extremcl} 
clear night. In summer the heat is scorching, but nut 
sultry.”* 

Tbit part of America is considerably beyond the tropics, 
and tiherefore: the land is not likely to be heated up to so 
high a degree as the diy deserts of Africa or Arabia, yet it is 
staled to be greatly heated, but no mention is made of regular 
sea winds blowing towards it. Not only, therefore, h tin* 
theory to which objections are here advanced unsupported hs 
facts, but the numerous facts to be met with all tend t<» 

* Otjplftis FUsroy'l p. 339. 
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prove the opposite of the theotj^; that is, they tend to shew 
that strong winds blow towards lands drenched with rain and 
screened with cloudsi and that' they do not blow towards land 
strongly heated by the direct rays of the sun* 

This theory, so opposed by facts, would probably never 
have been countenanced, had it not been apparently sup- 
ported by those movements in the atmosphere, which take 
place in many parts of the world, called ^^sea and land 
breezes.*’ Of these Professor Forbes speaks thus, in his 
Report to the British Association, published so recently as 
1840: — ^'Land and sea breezes, in all climates, especially 
between the tropics, are attributable to the more or less 
heat>absorbing character of the surface of the solid or fluid, 
in varying the distribution of tempertCture during twenty-four 
hours.’** These breezes, certainly, often blow towards the 
land when the sun has heated it during the day, and flow 
back at night when the land is cooled. And it being con- 
cluded, from these observed facts, that each day the sun 
heated the land, cau^^d the air over it to ascend, and 
admitted cool air to flow in below, it seemed to follow that 
whore extensive lands were greatly heated by the sun, cool 
air must necessarily flow in from adjoining parts. 

But what really causes those sea breezes that, in so many 
parts of the world, are known to blow daily from the sea 
to the land, as soon as the sun has sufficiently exerted his 
power ? Can any other circumstance than the direct influence 
of the sun’s rays on the earth produce that regular daily wind 
(•ailed the sea breeze ? Let us proceed to inquire. 

The western pyt of Peru is one of those localities in which 
regular rlay and night, or sea and land breezes, prevail; and 
it is commonly referred to as a place where the sun, by 
heating the land during the day, causes the sea breeze to 
blow. It is, therefore, desirable that we should inquire what 
are the pecuHarities of this coast which are likely to afl^ect 
* See i>«g6 102 of the JRoport. 
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016 daily* Captain Fitaroy, when in Peru, at Point 
latitude SS® south, writes thus ; — The tops of the hills 
on the coast of Peru are frequently covered with heavy clouds. 
The prevailing winds are from south-south-east to south-west, 
seldom stronger than a fresh breeze, and often very slight. 
Sometimes during the summer, for three or four successive 
days, there is not a breath of wind, the sky is beautifully 
clear, with a nearly vertical sun. On the days that the 
sea breeze sets in it generally commences about ten in the 
morning, then light and variable, but gradually increasing till 
one or two in the afternoon. From that time a steady breeze 
prevails till near sun-set, when it begins to die away, and 
soon after the sun is down there is a calm. About eight or 
nine in the evening light winds come off the land, and con- 
tinue till sun-rise, when it again becomes calm until the sea 
breeze sets in as before.” This appears to be a clear descrip- 
tion of the sea and land breezes which prevail off this part 
of Peru; and, lightly read, certainly seems to lead to the 
conclusion that the sea breeze is caus|^ by the sun beating the 
land in the way generally supposed. But a fact is stated in 
this account, namely, that — Sometimes during the summer, 
for three or four successive days, there is not a breath of 
wind, the sky is beautifully clear, with a nearly vertical sun. ’ 
Such weather as this is described as an exception to the 
general weather that is found off this coast, and at the thm 
of this exception no sea breeze blew — as it is said that there 
was "not a breath of wind,” Well, what was the state < f 
the land when the sea breeze thus ceased for three ot f'oui 
days? We ought, on the common bypo^csis by which s(*a 
breezes are accounted for, to expect that the sun, from some 
cause, ceased to heat the land, and therefore heated air ceaMul 
to rise, and cool sea air ceased to blow in from the sea to 
land. But we are told by the same writer that, during thcs<’ 
four days, "the sky was beautifully clear, with a nearly vertical 
sun.” That is, wo are informed by this careful observer, that 
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at the time when a nearly vertical sun was shining on the land, 
and the sky was beautifully clear, and when, according to the 
common theory of the cause of sea J^reezes, we ought to have 
had such a breeze of the strongest character, there was ** not 
a breath of wind.” The coast of Peru, it appears, was, during 
these four days, in a similar state to that in which the heated 
deserts of Africa, and other parts already alluded to, are found 
when, notwithstanding the great heat of the land, no sea breezes 
were produced. 

But at otlier times sea breezes do blow on this coast, and it 
therefore becomes our business to inquire what are the addi- 
tional circumstances to be observed in this same part when sea 
breezes blow, that we may be enabled to account for them. 
If an observer, after having experienced four days of calm 
^\ leather, with a clear sky, would liave noticed what alteration 
look place in the sky at the time that the sea breeze began 
to blow, it is very likely that the cause of the sea breeze 
might have been discovered, and rendered evident. I have 
not, however, met witli any statement of that kind, and 
must therelbn* be content to use such information as can be 

0] )taine(l. 

\\ hen CaiUain Fitzroy says that during the calm days the 
is }>(MiUifn 1 *\ clear, he leaves us at liberty to infer that 
wL' 11 tin* breeze blow^ the sky w^as not beautifully clear. 

\\ aie at liberh to draw that inference because he does not 

ik of tlu' sk\ being Ijeautifully clear at other times, but 
V ms t«> limit his statement respecting the clear sky to the 
V Im (li\s. He howtwer more than once states, that during 
tl)( sumim r, ‘Mhe tops of the hills on the coast of Peru are 
in qu ntly covered with mist.” And in anotlter part of his 

1) ook, when sj)eaking of an adjoining portion of this coast, 

» Md(mtly aflected by similar influences, the Captain states 
some (ac'ts w’hich may enable us to understand what is the 
lea nature of the meteorological changes which are taking 
|)la((‘ in this part of the world that produce the sea breeze. 
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I^e .says — Northern Chili, just before sun-rise is gene- 
rally the best time for enjoying an unclouded view of the 
Andes ; for scarcely have the sun’s beams shot between their 
highest pinnacles into tlie westward valleys when clouds of 
vapour rise from every quarter, and during the rest of the day, 
with few exceptions, obscure the distant heights.”* Now if 
what has been advanced in a former part of this work is 
correct, namely, that a cloud, when raised by the warming 
influence of the sun, has the vapour which it contains con- 
densed into rain, and that thus an ascending aerial current is 
produced, into which adjoining air will flow, may not the 
clouds of vapour which rose, as described by Captain Fitzroy, 
in Northern Chili, genially form cumuli against the sides of 
the Andes, produce ascending aerial currents there, and cause 
a flow of air from the sea to supply the place of that which 
had ascended, and thus create a sea breeze ? Not only may 
this take place, but, from a consideration of the various facts 
named, we are authorized to assert that it must occur. The 
existence of the mist, which rose from every quarter in the 
morning, proved that the dew-point and the temperature were 
ii) the part nearly the saine.f When the sun heated the. lowcijt 
stratum of air, the air expanded and rose, taking llie vap^^ur 
intermingled with it to a higher region. As this moist air 
rose, and became subjected to less pressure from air resiinp^ 
upon it, it would cool, and in cooling condense some ot ii. 
vapour. Now if the causes in operation were only just sui'Ii 
cient to produce a small thin cloud during the day against (iii* 
sides of the mountains, that cloud would merely obscure thtnn 
to the view, and the day might be calm and the sky clear o\t r 
the low land of the coast. But if the condensation was suffi- 
cient to cause rain to fall among the mountains, and air it> 

* Captain Fitzroy, p. 431. 

the evening* of the ] 2th June/' says Baail Hall, ‘Uhe Jami w v ;^n 
jtiat soffipienl to fill the Mila, dripping wet with the heavy — Near Linm, h? 

18 ^ § 00111 . 
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ascend, other air would Jbe drawn, not from the east, because 
there lofty mountains intervene, but from over the sea, ip 
supply its place — and thus a sea breeze would blow. . And if 
the dew-ppint should be high, and the condensation conse- 
quently great, the cloud might extend from the mountains 
and cover the adjoining land and some of the sea, whilst a 
strong sea breeze might be blowing at a considerable distance 
from the land. 

Darwin says — During the winter months, both in Northern 
Chili and Peru, a uniform stratum of clouds hangs at no great 
hc iglit over the Piicific. When on the mountains, we had a 
very striking view of the great white and brilliant fields which 
sent arms up the valleys.”* These clouds might, in the winter, 
be so raised as to produce a daily sea breeze of greater or less 
strength. Smith, in his account of Peru, says — ** In Lima, 
in February, the thermometer, if placed on the Open and flat- 
roofed house-top of mud plaster, rarely ascends above 112®, 
and at this season the canopy over head is curtained with light 
clouds, that happily protect the city from the too scorching 
Ix’ams of a tropica! sun and when speaking of the northern 
maritime province, he says~“Whcn the wind descends during 
tlie night from the adjoining near mountains, the transition of 
tlu.‘ temperature is rapid to severe cold.” That such clouds^ 
and the air charg<?d with vapour with which they are inter- 
mingled, arc generally raised daily by the sun, may be asserted 
fVoiu a knowledge of the causes that arc in operation. And 
an t‘bservcr, alive to the subject, would be as capable, there is 
no doubt, of tracing them, as an individual on the flat shore 
vi' l.ancasliire can trace the rise of the morning mist, from 
th(' Irish Sea, to a considerable height, where it forms a 
( umulous cloud, and falls in rain, or dissolves in the evening, 
aew)rding as the amount of condensation is great or small. 
And, admitting that air, with abundance of vapour, is thus 
raised, and that condensation takes place over Peru, it will 
Danvitt, ji. 427. t Smith, vol. i. p. 6. 
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follow that other air from the west must flow to supply the 
place of that which has ascended, and a sea breeze must blow\ 
This breeze ceasing at night, is a consequence of the sun no 
longer raising the lower part of the atmosphere. When the 
causes in operation are sufficiently powerful to produce copious 
condensation on such a coast as that of Peru or Chili, much 
rain falls, and the sea wind is constant, or blows by night as 
well as by day, as it does on the coast of Tierra del Fuego. 
But when the action of the sun on the surface of the land is 
necessary to heat the air immediately adjoining the land, so 
as to raise the air, and thus produce condensation — as soon as 
that action ceases the ascending current ceases, and with it 
the sea breeze which constituted its supply. 

We are then warranted in coming to the conclusion that 
theye are no sea breezes on the western coast of Northern 
Africa, and other parts that have been named which are simi- 
larly circumstanced, although the sun is sufficiently jiowerl'nl 
in those places to heat the lower air and make it rise, because 
there is not sufficient vapour in the air to allow condensation 
to take place to that extent which shall produce an adc<(iiate 
ascending current. It being condensation tliat gives power to 
the ascending current, where that is absent the current i.'s so 
feeble as to be scarcely felt, or in any way tracer!, thr/Uili it 
may be evident that some portion of the lower air doe^ ri-. 

It may be that there are small ascending and drstendlj.j 
columns of warm and cool air in the same locality, prr) lucioj 
that tremulous motion wliich has been often observoNl, , n I 
acting in such a way as not materially to disturb tfic 
region over tlie cool sea, and, tlierefure, no sea bjcrz- 
experienced. But when there is sufficient vapour to pro-hu f 
an ascending current, tlien the current may, and j)roh:ihlN 
does, become an ascending mass, extending over a coi]sirl< r 
able space, without having any small dcccnding streams within 
it. And the supply of air that is retpiircd to restore lie 
equilibrium of atmosplieric pressure must cojne from a;* 
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adjoining lower region, and that region being the sea, a sea 
breeze is formed. 

. That condensation, to a considerable extent, does take 
place along the west side of the Andes, in Peru, at the time 
which seems requisite for tlie creation of the sea breeze, is 
known. Smith, who visited the interior of the country, states 
that — “ During the dry season on the coast the rains are 
experienced in the interior of the country, and lofty range of 
the high land, especially in the months of January, Februar}', 
and March, when the rain that falls inland is often very heavy, 
and on the most elevated regions it is not unfrequently alter- 
nated with snow and hail. Thus the dry season of the coast 
is the wet in the Tievra, or mountains.*’* 

Although hut little rain falls on tlie low grounds of Peru 
near the sea, it appears, from facts given, that the dew-point 
must he tolerably high in the northern part. But as the 
soutliern wind, that prevails in this quarter, proceeds towards 
the ecjuator, it has its temperature progressively increased, 
a]i(i will, therefore, not be inclined, to condense vapour, unless 
some material disturbing cause should interfere. This wind 
l,>'a)Nvs along the low land of Peru, and over the adjoining sea, 
ami seems to he disturbed only by the daily action of the sun, 
Vvliivl), by raising the lower part, conuncnces condensation. 
,\r tliaf |)arl of the coast where there is the least vapour in 
{ . ‘ ail , ami the greati\st dilference between tlic dew-point and 
ih.' teie,}'er:itiire, there will ])e the least condensation by tlie 
i a (sing of the lower air, and the least sea breeze. As 
lia vi iural wind advaneis towards the equator, it takes up 
mala va[)onr hy evaj)()ration, the (few-poiiit rises, and any 
a;l. (jiMit' disturbing cause which may then come into opera- 
ban, will produce a larger amount of condensation and a 
h I .k( r si a ])reeze. And along the whole coast the strength 
f f ( 1 ; ' s(‘a bre ezii will be proportioned to tlie extent of the 
‘ 'nflt n c.ition that takes place over the land. This accounts 

* Sniitli, vol. i. p. II. 
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firt* #i»t we are 'told by Captain Fitzroy, who saya that — 
••To the northward of Callao the winds are more to be 
di^p^nded on, the sea breeze sets in with greater regularity 
atid fresher than on the southern parts, and near the limits of 
the Peruvian territory a double-reefed topsail breeze is not 
uncommon/ 

The causes which produce sea breezes along this coast are 
in full operation at Panama. The Hon. P. S. Scarlett, in his 
book on South America, says, when speaking of Panama — 
May 17, It pours with rain five or six hours in the day, 
and the thunder aqd lightning are awful. The rain generally 
begins at eleven o’clock.”^ Here we see that rain falls about 
the time tliat the sea breeze sets in strongly along this coast, 
and if no condensation was going on in this part but that 
which produced this rain, it must have produced a strong sea 
breeze. Farther to the north of the line, along this coast, we 
learn that similar winds blow. 

We have seen that no regular daily sea breeze existed along 
the Western coast of the Sahara, or North African desert, 
although the land is there very hot — yet to the south of that 
desert a sea breeze prevails. Lieutenant-Colonel Sabine says, 
when speaking of Sierra Leone — ** About ten or eleven the 
sea breeze commences, usually in the norlh-west, freshening 
and becoming more westerly as the day advances/ ‘‘ J oward^ 
the evening the sea breeze dies away, and the land wind 
gradually springs up.’^f Thus, in that quarter of the uurhi 
we find that there is no daily .sea breeze near' to the hot 
desert, wddlst there is one at Sierra lAeone. But the country 
about Sierra Leone is mountainous, and, as the dew*point h 
cdmhtonty high, condensation may, and it is to be presume<l 
it does, take place daily among the mountains, an 
it does among the mountains of South America, 

Aud laud breezes are foiiud iti islands ^as welt m on ibc 

V Hon. JP. 8. li. M. 

f Psalidll IfetsoKilogy, p. S!8. 
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shores of continents. In the seventb volume of Captain 
Cook’s Voyages it is stated that, when at the Sandwich 
Islands — “ In the harbour of Kar^kakooa we bad a. constant 
land and see breeze every day and night.” And the accom- 
panying circumstances attending these breezes are given as 
follows : — “ We generally saw clouds collecting round the 
tops of the hills, and producing rain to leeward, but after 
they are separated from the land by the wind, they disperse 
and are lost, and others succeed* in their place. This hap- 
pened daily at Owhyhee, the inountainous parts being 
generally enveloped in clouds, successive showers falling in 
the inland country, with fine weather and a clear sky at the 
sea shore.”* ’ 

* 

Malte Bvun, who collected information with great diligence^ 
says generally of these islands — The South Sea Islandsi 
notwithstanding their small circumference^ in this manner^ as 
ill a sea breeze, during the day time attract the general east 
wind, which is thus made to embrace them, as it were, on 
every side, and to blow from all points of the compass i;owards 
the central summit of the island. When night arrives the 
air flows back again, from the summit towards the sea, in 
every direction.” f The lofty sunynits of the mountainous 
islands of the Pacific are known to be cool, and they are seen 
covered witli clouds, which must, to a considerable extent^ 
obstruct the sun’s rays — how then can they be sufficiently 
heated, by the direct rays of the sun, to produce the sea 
bree ze that blows during the day ? Only one conclusion 
seems left, which is, that if the sun has acted, it was merely 
as an intermediate ogentp^and displayed sufficient power to 
cause condensation to commence, and that that condensation 
l>iv»(]uccd an ascending current and a sea breeze. 

If iSfus conclusion be erroneous, it may be easily shewn to 
be so, as, according to the . theory here advanced, the sea 

* Csptain Cbolili p. lOS. 

t Mitts vai. t. p. aes. 
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breeze must be always accompanied by the formation of 
cloud. And if it can be shewn that regular intermitting or 
true sea breezes exist without any* cloud having been formed, 
it will go far towards shewing that the theory is fallacious. 
It is not for one who has had to collect his information 
principally from books to say that no such instances can be 
pointed out, as that would be an assertion of a negative, not 
founded on information but opinion, and such an assertion 
would, therefore, be improper. But it appears, from 
numerous accounts of these phenomena, that sea breezes are 
always accompanied by an atmospliere pretty fully charged 
with aqueous vapour ; and^ the breezes ane the strongest 
where the charge of vapour is of a certain height. It is 
within the tropics, whether on the coasts of continents or 
islands, where the dew-point is high, that sea breezes princi- 
pally prevail. And beyond the tropics, where they are found, 
a high dew-point for the locality exists. Make Brun savs 
they prevail on the coast of Norway, and there seems to be a 
higher cTew-point about that coast than in any other nortliern 
part in nearly the same parallel of latitude. Tropical vapour 
is carried to the coast of Norway, and if, during the surunu r, 
the sun, in the day, can rafse the lower part of the atinosplic rc 
so much as to comnicncc condensation, a day cloud and st a 
breeze may be produced in the part. But if daily suu-lu ru; d 
land were the sole cause of the sea breeze, should we find ii 
only in Norway, in a high northern latitude ? That coutiu v 
is known to be generally screened by clouds in the day liine 
during the summer, compared with the coasts iminediaU !y 
south of it, and, therefore, cannot have its land heatf d in a 
superior degree by the direct rays of the sun ; and yet reguf r 
sea and land breezes are not felt in the European coti#trir;< 
south of Norway, The north-west part of France is luatt d 
by the sun during the day, and it cools dovrn to a rather low 
temperature at night, and yet, when no day clouds 
formed, regular alternating sea and land breezes are never 
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In the CoUmal Magazines in an account the island of 
Martinique, we liave the following statement respecting it : — 
^^Tbe heat is moderated every day by two regular breeaes, 
one, which lasts from the rising to the setting of the sun, called 
the sea breeze — the other, which begins at seven in the 
evening, and blows during the greater part of the night, is 
called the land breeze. The humidity of the atmosphere is 
excessive. In the course of three successive years the hygro- 
meter of Saussure has given, as the two opposite extremes, 
100 — 60, and for the mean term of the humidity of the atmo- 
sphere of the isle, 87 — 7.**^ It is very likely that the clouds 
and rain which produced the regular sea breezes might have 
been seen in Martinique as they were in Owhyhee, and the 
connection between them might have been exhibited more 
palpably, but uo accounts of the kind are given. 

That clouds form over flat islands, when circumstances are 
favourable, seems very probable. Captain Fitzroy, in the 
plates contained in bis book, represents them as suspended 
over the low lagoon islands of the dangerous archipelago ; and 
he speaks of the singular interruptions to the trade wind that 
occur in these islands. He says — Not only does the eastern 
wind often fail among them, but -heavy squalls come from 
the opposite direction,” *^This is especially the case from 
November to March.” This is the time when evaporation 
has the most fully saturated the atmosphere with vapour, 
wi)cn the dew-point will, consequently, be high, and con- 
densation the most likely to commence upon any partial 
heating of the lower stratum of air taking place. 

But winds of the nature of daily sea breezes are not con- 
hned to the shores oj either continents or islands. In the 
interior of Northern Africa, the great Desert of Sahara is 
bt)unded to the south by a mountainous country, and iu the 
ilat country, neAr to the mountains, daily winds are found to 
blow, us they do jn other parte on sea coasts. Denbam.says, 
0<4oiiliU 
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in vol. 1, that— ** The cool. winds (in Barnou), which had 
prevailed for the last fifteen days« had so purified the air that 
disease appeared to be taking its departure, and a season of 
health about to succeed in its turn. These long wished for 
breezes generally came on about ten in the forenoon, and 
continued until two hours after midday.” Doubtless the 
momfng sun raised the air suflBciently to produce condensa- 
tion and create an ascending current, which took place among 
the mountains, when a daily wind from the hot plain blew 
towards the mountains to supply the place of the raised air, 
producing a daily breeze in a part very remote from the sea, 
but which came from the hot land to the comparatively cool 
mountains. 

From the foregoing facts and reasoning we are, it is con- 
ceived, justified in inferring that daily sea breezes are not 
consequences of air, heated by the surface of land, rising, and 
admitting other and cooler air from the sea to flow into 
the comparative vacuum thus made, but these breezes are 
remits of condensation of atmospheric vapour, which, in each 
instance, produces an ascending aerial current that causes 
the flow of the adjoining air into the vacuum. And in the 
absence of the sun the air, which had been wanned by tin 
condensation of vapour, becomes cool and flows back — thu> 
producing daily alternating sea and land breezes. 


Unequal Temperature at Certain Heights in the 
Atmosphere. ♦ 

When ascending currents flow against the sides of uionn 
condensation takiiij^ piece during the ascents, it h 
wppareilt -that the eurrentc will tefcc which is 

Bberated with them ' to stmie aud in the 
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locality produce a temperature higher than generally belongs 
to the latitude and elevation; and if the cause of the 
ascending current is of a permanent nature, the general 
climate of the part will be modified accordingly. An effect 
of this kind, it is presumed, is produced in the region of 
great condensation near that part of the tropical Andes 
already adverted to, although we have no particular account 
of it. Humboldt, however, mentions a fact which illustrates 
the point ; he^says thAt when they were going over the Pass 
of Quindihi, 11,499 feet high, and in the latitude of north, 
rain fell heavily. Now as the rain fell at that height, it must 
have been previously carried or generated still higher ; but in 
an atmosphere unaffected by particular influences, rain could 
not be formed at so great a height, and if carried thither, 
would be converted into hail by jhe cold which ordinarily 
exists at that elevation. 

But a more striking instance of warmth of climate, at a 
considerable elevation, being produced by condensation of 
vapour, is given by Archer, in his travels among the Himalaya 
mountains. When speaking of a part among these mountains, 
in about SP of latitude, he says — The limits to the cultiva* 
tion of corn vary, but the maximum elevation is estimated at 
1 0,000 feet, a point which theorists have buried deep under 
l'rr})etual congelation.” According to Leslie, the height of 
}>cr])ctiinl congelation in this latitude is 11,253 feet. But 
those theorists were not aware of the influence of condensa- 
tion in warming parts at great heights. To ripen corn at the 
oK vation named, required not only that the heat should be 
carried to a great height, but that it should be so constantly 
1 ikeii thither as to enable the crop of corn to grow and reach 
maturity! Dalton says — Every habitable latitude enjoys a 
heat of 60"^ at least for two months, which heat seems neces- 
sary Ibr the groi||^ and maturity of corn;”* and Humboldt 
say s, that in the island of Teneriffe, in 28^ north, the highest 
^ Dalton, p. 124. 
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point for the growth of vHieat is only 1,300 feet, or just one^ 
tenth of the height at which com grew on die Himalayas. 

Daniell gives some facts respecting vapour at considerable 
elevations. He says that Mr. Green, when in a balloon — “At 
am elevation of about 9,890 feet, found the dew-point at 64°, 
exacdy the same as I ascertained it to be at the surface of the 
earth.' At 11,060 feet it had fallen to 32°.’* Colonel Sabine 
found that — “At Sierra Leone, the dew-point of the vapour 
at the level of the sea was TO**, and it was the same, at the 
same hour, upon the summit of the Sugar-loaf Mountain, 
2,520 feet above.” “At Trinidad, the temperature of the 
air at the level of the sea was 82°, and the dew-point 77 ° ; 
1,060 feet above they were both 76° 5', and precipitation was 
going on.” “At Jamaica, by the sea side, the temperature of 
the air was 80°, and the point of deposition 73°, while on the 
mountains, at the height of 4,080 feet, they were both 68° 

At a station not five hundred feet higher, by experiment twice 
repeated, the point of deposition was found to be 49°, and tlie 
temperature of the air 65°.”* In all these cases vapour had, 
douhdess, ascended and formed cloud, and the liberated heat 
kept up the temperature. Daniell gives also the following 
from De Luc’s observation on a mountain: — “Pendant qut 
je r^fi^chissois sur rapparition subite des nuages, je decouvris 
un petit amas de vapeurs, du c6te de nord, 4 3 ou '100 pieds 
audessous de moi: Je le considerois avec attention, et jc 
remArquois d’ahord que son volume augmentoit sensibienient, 
sans qu’il me fftt possible d’appercevoir d'ou lui venoient 
ses aecroissements. Je vis ensuite qu’au lieu de s’abaisser i 
mekure quil grossissoit, et qu'il paroissoit m4me devenir plus 
dense, il s’elevmt au oontraire. Le vent le poussoit vers moi. 
1 sl’afteignit eafia, et zn’eovironhA teilemeat que je nc 

le del at la pltdne. Je peni^ au mime instant, h 
J ttQti Aemraidtre qm ^tott en plein air. 

iiiilt' i(^l et qtm j’hvds vu aUj^ilOfilMit d 42°. .h- 
* Oimisil’S Bwajm; p. 119. - 
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presumois que Taction du soleil itant intercept^e par ca nuage 
mon tbermometre davoit baisser et je fns tr^ surpris de la 
voir au contraire i 46^. Le nuage^ qui continuoit i 9 )onter 
obliquement vers le sud, abandonna bientot le lieu od j’etois^ 
le soleil reparut, mais, malgre son action, le tbermometre 
redescendit.”* Tbe higher temperature was, doubtless, proi- 
duced by condensation, and that gave the buoyancj^' which 
caused the ascent of the cloud. It. is rather surprising that 
facts like these did not lead inquirers into the right path 
of discovery. , 

It is sometimes said that contiguity to the sea causes coasts 
to be wet and warm, but this does not accord with numerous 
facts. The island of Newfoundland is in latitudes from 47^ to 
50° north, the same as the middle of Continental France, yet 
the former place is thus described in a popular geography : — ♦ 

In winter the cold is excessive, nothing but snow and ice 
being seen, and the bays and harbours bein^ entirely frozen/* 
And in Quebec, in the latitude of 47^, the temperature sinks 
to 32® below zero ! in the winter. The coast of Labrador is 
in say between 60® and 60® of latitude, but the cold of 
winter is intense compared with that of the British Isles and * 
Norway. And, according to Perouse and others, there is as 
great a difference, in the same latitudes, in parts equally near 
the sea on the east coast of Asia and the west coast of 
America. These differences all result from tbe eastern coasts 
not being warmed, as the western are, by the condensation 
of vapour against elevated, land. Yakutz, in Siberia^ is said 
to be the coldest part oil the continent of Asia, having some- 
times a temperature of 90® below freezing; this place is 180® 
cast of London, and of course the same (^stance from the 
Atlantic Ocean, But at Fort Reliance, on the great Slave 
l^ukc, about the same latitude, in North America, Captain 
Ihiek found a teiftpefatute of 102® bekw fceeziug, yet that 
placr in only about SO degri^s (rotu the coast of the Paepiui 
^ too, F« esi. 
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it| consequently, is 100® of longitude pearer to the ocean on 
'its west side than is Yakutz. But in America the vapour 
from^ warmer latitudes had l)een more decidedly intercepted 
and condensed, by mountains, than it had been in Asia. It is 
the high ridge of the rocky mountains that forms the barrier 
between the warm climate of the western coast of America 
and the intensely cold one of the eastern parts. Such a 
complete barrier does not exist in Asia, the northern part 
of which is, to some extent, warmed by the vapour from the 
Atlantic. 


^ The Connection of Atmospheric Currents. 

The various atmospheric currents which we have passed 
under view have been treated as separate currents — but it is 
not tb be supposed that they should be considered as abso- 
lutely separated from each other. The probability is tluit 
every such current is disposed to move forward and form a 
fresh current, and thus produce a general circulation of the 
atmosphere. But those which have been distinguished by 
fifeparate names, have been so far modified by local influences, 
as to give each of them, in the lower region of the atmcj- 
sphere, a particular direction and character, and they have 
been treated separately, as lower currents, in order to show 
their connection with the local influences. Yet in some of 
them the marks of separation are not very palpable, and on 
furtl^r inquiry it may be found that what we have treated 
twb; currents may be only one. Captain Basil Hall says that 
ip^thf southern hemisphere, in the latitude of about 10" , a 
blows all rwund tbe glpbe. And it may be that 
i^ i^ildsof Van Diemen^s Ximd merely 

He path of this wind, imd %hdl 9^ it into tw(. 
currents. This, however, woujd odly ua thm 
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the current which left the tropical region in Brazil proceeded 
to the parts named, and forward across the Southern Pacific 
Ocean to America, as one current, instead of speaking of one 
terminating at New Zealand and another at America. And 
it possibly maj^ be that some connection may exist between 
the western wind that blows on Cape Horn, and that^ which 
crosses the Southern Indian Ocean to New Zealand, but,\the 
facts given by voyagers afford less countenance to this supposi- 
tion than to the former one. A moderate south-east %ind 
appears to blow near the eastern coast of Patagonia, which 
would cross the path that would have to be traversed by a 
westerly wind passing from Cape Horn to join that which 
crosses the Southern Indian Ocean. In the present state of 
our knowledge, then, this appears to be a break in the general 
west wind, which Captain B. Hall says blows all round the 
globe in the latitude of about 40® south ; and the break 
appears to be attributable to the great condensation of vapour 
in the neighbourhood of Cape Horn. In the northern hemi- 
sphere more disturbing influences exist than in the soutjiem. 
The mountains of the British Islands and Norway seem to 
draw on the Atlantic return current, and cause it to terminate 
about Norway, although a part of it evidently proceeds farther 
on to the icy sea. ^The south-west monsoon of the Indian 
Ocean terminates principally against the lofty ridge of the 
Himalaya mountains, but it is not unlikely that a part of this 
wind proceeds over the China Sea northward as far as the 
Japan Isles, and then turns westward across the Pacific to the 
American coast, along which we have seen it spreads, though 
it does not pass the mountain-ridge, which runs nearly parallel 
with the coast. It may then be that the Japan Isles, at certain 
tin)cs, have sufficient power, aifising from the condensation 
which takes place Wer of near to theiili to divert or bend, or 
j)artmlly to arrest the western retu^ current that is disposed 
to pass near to or over them, without being able entirely tO; 
absorb and thus terminate itj as a loiver current^^ in their 
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the mose lofty Himalaya and American mountains 
^ tiieir particular districts. 

. . .Captaii^ Basil Hall, in a letter to Mr. Baniell, inserted in 
Ida Basaya, when speaking of the North Atlantic eastern trade 
trind, has this passage : — As the ship advances to the south- 
ward, she finds the trade wind drawing round gradually from 
east' to north-east, and finally to north-north-east, and even 
north at the southern verge of the north-east trade.*’ And he 
afte^ards states that, on first meeting the eastern trade of 
the South Atlantic, it does not blow from the east, as the 
navigator is led to expect, or in a direction parallel to the 
equator, which would be to him a fair wind, but it meets him, 
as it is emphatically termed, smack in the teeth.*’ And, sub- 
sequently, the captain attempts to account for these north 
and south winds near the equator in this way. He says, 
apeaking of the north-east trade — ‘‘ As this cool air, however, 
is drawn nearer to the equator, and comes successively in 
contact with parallels of latitude moving faster and faster, 
this constant action of the earth’s rapid easterly motion gra- 
dually imparts to the superincumbent air the rotatory velocity 
due to the equatorial regions which it has now reached ; that 
is to say, there will be less and less difference at every moment 
beween the easterly motion of the earth and the easterly 
motion of the air in question ; while, at the same time, the 
other motion of the same air, or that which has a tendency to 
carry it straight to the equator, having been exposed merely 
to tbe friction along the surface without meeting any such 
powerful counteracting influence as the earth’s rotation, will 
remain nearly unchecked in its velocity* Thus, as I conceive, 
the trade wind must gradually lose the eastern character which 
i^had on first quitting the temperate for^the tropical region, 
ill coDsequenee of its^Ntequiring more and more that of tiic 
rotglory motion of the earth, due to the equatorial regions ii 
has now reached.”^ If tbe influence here pointed out wtre 
^ Easuri# p* 
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the Cause of the east wind ceasing to be such^ and booming 
north and south winds in the Atlantic^ the Same phenomena 
would occur, in a more palpable manner, in tbe Pacific Ocean, 
seeing that the eastern wind of that ocean has a much greater 
range of longitude in which it may acquire the full rotatory 
velocity of the earth ; and it would, therefore, more decidedly 
lose its eastern character. ^ But the east wind of the Pacific 
blows steadily over the whole extent of that ocean. Con- 
densation, on the opposite continents of Africa and America^ 
probably affects the Atlantic atmosphere so as to produce the 
peculiarity described by Captain Hall. 

Among the various currents of which we have treated it has 
been found that some moved parallel, or nearly parallel, to 
each other, but in opposite, or nearly opposite directions — 
this is most palpably the case in the wide and open range 
of the Pacific Ocean. The eastern trade wind appears, at 
times, to extend from tropic to tropic, aud the western return 
currents are said to touch on the 40th degree of latitude in 
each hemisphere. But the limits of these currents may, from 
the causes known to be in operation, be presumed to vary 
>\ ith the seasons. In the summer of the southern hemisphere 
{here will be more vapour formed and condensed on the south 
side of the equator, and in the summer of the northern hemi- 
sphere on the northern side, and the western return current 
will, in each hemisphere, no doubt, extend its limits at that 
period when it is furnished with the greatest power. The 
islands which lie in the path of the eastern trade wind will, 
also, have their disturbing and modifying influences, according 
as ct)iulensation takes place more or less freely among them. 
But notwithstanding all these disturbing causes, it appears 
that, between the ordinary, though varying, limits of the 
( jjsU rn trade wind and each of the western currents, there 
is a space in which neither wind decidedly prevails. This 
line or stripe may, with reference to our present subject of 
ii)(jniry, be considered as belonging to the region of calms; 
not because it is absolutely calm, but because neither the 
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iMie nor the othsr of the adjoining groat atmospheric currents 
predominates in it. This stripe is, by navigators, represented 
to be generally cloudy or misty, and to have not unfrequently 
rains and varying winds, weather that might be supposed 
likely to prevail from the causes that are known to-be in 
active operation in the neighbouring parallels. Such a region 
of calms is said to exist about each tropic in the Pacific 
Ocean. One is also found in the Atlantic, between the 
north-east trade wind and the south-west return current. 
And such an one exists, in tropical parts of the Indian 
Ocean, between the south-east trade wind and the north-west 
wind that blows from the Indian Ocean towards the islands 
of the East Indian archipelago, and is spoken of by Cook. 
These regions of calms have been avoided by navigators, 
excepting when they had to cross them, and, consequently, 
they have seldom given many particulars respecting them. 

In addition to these lines of calms there are particular 
localities which may be considered regions of calms ; yet 
these regions are not, as the name may seem to imply, 
absolutely calm, but in them no particular wind prevails. 
Cahns are there common, but they are broken in upon by 
sudden storms, and during these storms the wind blows from 
any, and sometimes from every point of the compass. Ojie 
of these regions is in that part of the Atlantic whicli is 
within the tropics, and it extends along the coast of Africa. 
Excepting where west winds blow in the Gulf of Guinea this 
region has no regular wind: here evaporation goes on luilii 
the atmosphere is nearly saturated with vapour, and the 
neighbourhood of the Gulf of Guinea is known to be one 
of the most unhealthy, and of the least favourable fur navijja- 
tion, of any region of the globe.* 

* “The great difficulty of the outward-bound voyage eommencee afto th. 
iifaip ia deserted by the north-east trade, as she has then to fight ricro^.K 
consid^ble range of calms, and of what are coiled the vaHables.^* And hi {he 
homeward-bound voyage the same writer says — “After reaching three »>r iour 
degrees of north latitude, the ship wilt lose the south-east trade, and re-enter t hv 
variablei.’' (See Captidn B. Halloa Letter In Danlett’e Kasays, p. 470.) . 
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Another of these regions Of Oalins is found in and near the 
Gulf of Panama^ not far from the equator* and the kind of 
weather experienced in this part is graphically described, by 
the Hon, P. C. Scarlett. He says, on April 19 th — We are 
now becalmed, and in the worst part of the world, three 
degrees north of the line. A heavy oily swell, a gloomy 
sky, spongy clouds, the ship creaking, sails flapping, and all 
hands longing for a change. Then the drowsiness caused by 
this temperature (very hot) is quite overpowering. I am 
sure a week of probation like this would injure the strongest 
constitution, such is the debility and loss of energy which it 
occasions.”* These two regions lie near the equator, imm^ 
diately to the west of the two continents of Africa and 
America, and these continents intercept the eastern currents 
which, in other parts, flow along within the tropics. But 
though there are no regular lower horizontal currents in 
these parts of the world, we are not to conclude that the 
same masses of air remain constantly in them: this would be 
contrary to the general laws which govern the atmosphere, 
w hich laws produce motion and change, to a greater or less 
extent, every wdiere. The air in these regions of calms being 
pretty fully charged with vapour, and heated by a tropical 
sun, must have a tendency to rise and expand at some certain 
luMgiit, and a fresh supply must flow in below from sur- 
rounding parts, though not with sufficient strength to con- 
stitute a wind. And the sudden storms or tornadoes, as they 
are generally called, which take place in these parts, must be 
effects of local, rapid, and considerable condensation, and 
must, therefore, be presumed to produce ascending currents 
in the particular places, creating irregular and temporary 
disturbances, both in the upper and the lower regions of the 
atmosphere. 

In these regions of calms the dew-point is generally high, 
say, betw'een and 80 °, and they constitute some of the 
juost unhealthy localities that are known. Indeed, what is 
* Hon. P. 0. Sowflett, p. 175. 
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called malaria seems to prevail more or less wherever the 
dew-point rises above 70^, whether it be over land or sea. 
And even when it is somewhat lower than 70^, a certain 
degree of malaria is common, which produces marsh fevers 
and agues. But when the vapour which gives the high dew- 
point is condensed, and falls as rain, or a dry wind sets in, 
the virulence of the malaria is abated, or it entirely ceases. 
The uniform coincidence of a high dew-point with malaria 
fever suggests the idea that they may have the relation of 
cause and effect ; and it may be well to consider whether that 
fever is not produced by a disturbance of evaporation from 
the lungs.^ 


Descending Winds. 

Ascending aerial currents, produced by condensation of 
vapour, have been shewn to be important agents in creating 
and continuing the great horizontal currents of the atmo- 
sphere. But the air of these ascending currents is not 
heaped up in the localities in which they exist. The state 
of the barometer shews that, so far from there being wore 
air ID the parts where they are found, there is generally 
less, consequently, that wliich ascends must readily exj^and, 
spread out, and diffuse itself around. Now it is very desirable 
that these expansions and spreadings should be traced, and 
the effects they produce be noted ; and though OUT knowlvdgu 
of what takes place in the higher regions of the atmosplu re 
is very imperfect, yet scattered facts, when brought togetln r, 
may enable us to obtain some perception of what is going on 
In this obscure department of Nature’s works. 

It has been already shewn that the theory which trar/K- 

^ See a pftpet printed in the PhUosopbioal Magazine for February, 
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that the heated air of the tropics rises and flows over in the 
higher regions of the atmosphere, towards the poles, is not 
universally tyie. Indeed it appears to be rather the exception 
than the rule, as the various western currents on the surface 
of the globe that have been traced, sufficiently prove. The 
fact, however, that the heated air of the tropics does not uni- 
versally, nor even generally, return to the poles in the higher 
regions, has, it is conceived, been sufiiciently established. 
But what are the particular causes which determine that the 
air which had been heated, and carried to a certain height in 
the atmosphere, should, in an adjoining part, descend, and 
become a lower current, as we have found it does ? If we 
suppose that the raised air is heaped upon the adjoining air, 
it will press into it, and cause it to spread, and this would 
produce a wider expansion in the middle regions rather than 
a descent to the lower. The warmed air itself would, however, 
obviously have a tendency to expand and flow, in the higher 
regions of the atmosphere, towards the poles ; and the cause 
of its frequent descent to the lower region must be sought in 
some other operation of nature. 

In examining the phenomena attendant on ascending aerial 
currents, the most striking seems to be the production of rain 
by the condensation of vapour, the quantity of rain produced 
being proportioned to the amount of condensation. Over the 
sea within the tropics, and in some other parts, when the 
alinospliere is undisturbed by any powerful cause, the rain 
produced by condensation is small, forming merely a mist, 
and making the weather cloudy or hazy, and the mist descends 
to the earth with a slow motion. But where there is sufficient 
vapour, and an adequate disturbing cause, a powerful ascend- 
ing current is produced, and more copious rain is the result. 

small pai'ticles of water first formed in the ascending 
current will be carried up with the stream of air, and coming 
in contact with other particles they will unite and form 
gh^ulcs, or round drops. And the greater the height to 
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which the rain is carried, and the more complete the dis- 
turbance and turmoil within the current, the larger will be 
the drops. As we suppose the current to esipand in the 
higher regions, it would carry the rain with it in its expan- 
sion, until the force of gravity overcame the carrying or 
suspending power of the current. The rain would now 
begin to descend, and as the larger drops would fall with the 
greatest rapidity, they would strike against and unite with 
the smaller, until, on approaching the earth with accelerated 
speed, they would be of a size, and fall with a velocity pro- 
portioned to the height from which they had descended, and 
the thickness of the cloud through which they had passed.* 
When warm rain falls, it would seem that it must have been 
not only produced in the interior of an ascending column 
where the air was warm for the elevation, but it must also 
have descended through a mass of .such air to the earth ; 
whilst any rain which, by the ascending and expanding 
current, should be violently thrown beyond the range of the 
warmed current into cold air, would be likely to reach the 
earth as a cold rain. Where the rain was carried up to a 
great height and then thrown off to adjoining very cold air, 
the drops might be frozen, when they would descend in the 
form of hail. But it would be impossible for myriads of 
drops of rain or hail to fall in this manner without bringing 
with tbenv much of the air by which they were surrounded. 
If this reasoning is correct, it will follow that whenever rain 
or hail falls from a considerable height in the atmosphere it 
must bring with it more or less of air from the higher 
regions. And if the process just described be supposed to 
continue, there would be a continued descent of air, and 
the process taking place over a sufficient extent, 
would be, in that space, a bringing down of the higher 

* drop of the twenty-fifth part of an inch, in falling through the fiir, 
wotild only gain a celerity of 1 IJ feet, while one of a quarter of an inch wouM 
•eqniro a celerity of 33i feet.*’— LetUe. 
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parts of the atmosphere to the surface of the earth in such 
a way as to produce palpable local effects on the m^ss of 
the atmosphere. 

Does not this accord with what is experienced in many 
places ? Sailors say that heavy rain or hail lays the sea.” 
The fact, no doubt, is, that the descending air counteracts the 
effect of the horizontal wind which raised the waves. When 
heavy rain falls suddenly it always brings wind with it. It is 
common to say that the wind brings the rain, but that form 
of speaking equally expresses the fact that the two come 
together. And if w'bat has been advanced rei^pecting the 
manner in which rain is produced is true, it is only an 
ascending current of air that can produce heavy rain, and 
carry that rain up with it. In afterwards descending from a 
height the gravity of the rain must’ be the active cause in 
operation, and that cause produces the effect of which we 
are speaking, the descent not only of the rain but of the air 
that was intermingled with it. When partial but heavy 
showers of rain are seen in profile from a favourable situation, 
the rain may be often seen descending from the cloud in 
wliich it has been produced, and we may infer that the rain 
carries with it a part of the air which it encounters. And, 
uiuler such circumstances, the wind in the part is invariably 
found blowing in the direction indicated by the fall of the 
rain. Indeed the whole may be witnessed occasionally at sea 
in one view\ From a ship’s deck the rain may be seen falling 
and the wind blowing against the sails of other ships, or 
carrying smoke in the direction of that fall, although a calm 
may exist in contiguous parts, or the general wind may be 
Mowing moderately in a different direction. The inference 
to be drawn from observing such phenomena is, that the 
vain descended by its gravity and carried the air with it, 
and the air, when it reached the* earth, moved forward in 
the (iirection given to it by the rain, until its acquired force 
was expended. 



fully charged With vapour reaches 
India Islands, and is there caused to 
rm and^flow over in the higher regions of the atmosphere 
towards the pole, the rain which is there formed may, in its 
descent^ bring, arir down to the surface of the earth. And 
this operation taking place over a wide space, the upper aerial 
current would, in its descent, force away the lower air and 
occupy its place. The north-east trade wind blows over a 
part of the West India Islands as well as towards the Andes, 
arid those islands appear to have the power of condensing 
atmospheric vapour and bringing down rain ; and among 
them the process described may, and probably does, take 
place, which brings down the air that might otherwise be 
an upper current, and makes it become a lower current. 
In the southern part of the Caribbean Sea the dew^-point is 
represented as being as high as' 80®, and copious condensation 
is likely to take place in that part of the world when dis- 
turbing causes come into action. The dew-point continues 
high in the direction of this aerial current, as it moves 
towards the north-east, yet in the southern part of the 
United States it is seldom found more than 75^; the current 
must, therefore, have parted with some of its vapour in the 
formation of rain. From this part, across the Atlantic to 
the north-west coast of Europe, rain falls abundantly, and 
the dew-point is proportionately reduced, until, on reaching 
the British Islands, it is seldom above 60®, In Norway it i-. 
lower, and in both these parts rain falls freely, particularly 
against or near to the south-west sides of elevated lands, uj) 
which the current is forced by its inertia; and these localitirs 
are, in the autumn and winter, wanned by the large amount 
of condensation that is produced from this south-west currcni. 
Tims, there will be found along the line named, free] mm i 
ascending currents producing rain, and the rain, wdien fornu d, 
bringing down the air with it, keeping the whole atmosplici c, in 
the part, more or less in a state of turmoil and agitation : and 
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Norway, by the great cbndenfiation whibh; they i8auiiej.anji the 
comparative vacua which they produce, whilst they increase 
the agitation, tend to draw this south-west wind,’ as a lower 
current, from the tropical regions towards themselves. In the 
return current, which proceeds from Brazil to New Zealand, 
the same peculiarities are observable as those seen in the 
Northern Atlantic. Captain Fitzroy says, that ^^at Rio de 
Janeiro, in summer, thunder storms Oft^ occur.” Gales, in 
tlie latitude of Santa Martha,, generally commence with north- 
westerly winds, thick cloudy weather, rain, and lightning. 
The climate is unhealthy in December, January, and February, 
and during tffe whole year there is a deal of rain.”* From 
this part of the Brazilian coast the north-west wind blows as 
far as New Zealand, and it retains its character throughout 
the whole extent, as it is rainy and much disturbed. We 
have seen that Captain B. Hall says that getting into this 
current is advantageous in order to proceed east, but it is ‘‘ at 
tlie expense of some discomfort, for the weather is generally 
tempestuous.” Now, as that is -the case, there must be much 
condensation of vapour, ascending aerial currents, formation of 
rain, rushing in of air below, and descending wind produced 
by the fall of rain: in short, all that kind of disturbance 
which we presume attends the progress of a tropical current, 
highly charged with vapour, in its passage to a cooler region. 
In tlie two return currents of the. Pacific Ocean similar dis- 
tiirbing causes exist, and weather of a similar character is 
found to prevail. 

As an ascending aerial current, which reaches a great height, 
must condense nearly the whole of the vapour intermingled 
with it, should the mass afterwards descend, the air must 
descend without the vapour that it previously contained. 
And should the air in the neighbourhood of a locality where 
groat condensation is taking place be found very dry, it may 

* Oaptaifi Fitsror, p> 84. 
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|«^t non v«8 itoned and, fell} the air* or a part of it* 
pijoceeding on to another part, where it descends as a dt; air. 
This is a j^oint that has been but little noticed bj observers* 
hut it has been incidentalljr mentioned. In King and Fitzroy’s 
Voyages* it is said that* in a part near Cape Horn* of which 
we have already spoken* where much rain fell* one inch of 
mater evaporated ia fwentjr-four houn. Such rapidity of 
eYi^ration is incom^tlble with a high dew-point at the same 
time and place; it may, therefore, be concluded, that at the 
time of this evaporation the dew-p(^t was low ; yet it was in 
the same district in which it is stated that twelve inches of 
rain must have fallen in the course of thirty days. This, then, 
is an instance of a dry atmosphere being found* that is, an 
atmosphere, with but little vapour in it* when all around much 
rain fell. The dry air, it is evident, could not have come 
from a considerable distance in tbe lower region, and we must 
therefore conclude* that it could only have come from the 
higher parts of the atmosphere which had been deprived of 
their vapour by condensation. 

To the east of the Andes, near tbe Caribbean Sea, is a 
locality in which tbe dew-point is generally high* sometimes 
as high as 80°* and in which condensation takes place very 
freely* as much rain falls ; and yet here, in a particular place* 
Humboldt incidentally states that evaporation goes on rapidly, 
and there must, consequently* be a low dew-point compared 
with the temperature. He says that — “At Cumana, the 
surface of the sea in tbe port generally ranges from 70.3° to 
79.3° ; and the teraperatinre of the air, in the season of the 
floods* is as high as 91°. But at Aroya there are extensive 
stdt works, ‘and evaporation is so rapid that salt is collected in 
e^hteen or twenty days after the reservoirs have been filled.” 
Now the general state of tbe atmosphere about this part is 
mmst* i^ being highly charged with vapour brought by the 
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that hM -bM its mponr con^laaed ii^ rdn, bro 
down the air into this part of ' the lower i^lbn of the 
atmoapbere. ' ' ' 

I do not know what waa the rate, of evapcmtibn at Aroya— 
HttmboMt appears to have thought it extraordinary 5 but fot 
an inch of water to evaporate in twenty-four hours, as it- did 
near Cape Horn, is surprmng, when the low temperature of 
the part is considered; at this rate 863 inches of water would 
be evaporated in a year. 

Although this degree of dryness of the atmosphere may be 
considered extraordinary, yet dryness, apparently ftom the 
same cause, and that, too, of a high degree, is not very 
uncommon, ft is well known that, in many parts of the 
world, the dew-point is high at one time and at another 
comparatively low ; and, under certain circumstances, the one 
state quickly follows the other. In the summer or autumn 
of our own countiy, when the atmosphere has been for 
some time stagnant, evaporation has proceeded until a large 
amount of vapour has passed into the air, and the dew-point 
lias become high, say 65 '^. But a thunder stonn takes place, 
and the ground is deluged with rain ; the storm is soon over, 
the weather becomes clear and bright, and the air is said to 
be purified by the storm. But, under such circumstances, 
what meteorological alterations can be detected in the atmo- 
sphere? Why, much of the vapour previously existing in 
the air has disappeared, and the dew-point has fallen from 
65° to 60°, or perhaps to 50°, furnishing evidence, of the 
most convincing character, that a part of the vapour which 
h^d previously existed in the atmosphere, in an aSriform 
eluipi^ had been, by a sufficiently low temperature, con- 
. dehsied^ and converted into rain. "The air is now found com- 
phi^tfvely evaporation goes on much more rapidly 

^f®^^ the thunder storm. Before the storm (ho 



^ha^^^ned anything exposed to it« after- 
tftrds'it dries ra|>id}yj«and is iu a state approximating to that 
ia which ihe air near Cape Horn permitted an inch of water 
to evapoiaaein twenty-four hours. 

In Tierra del Fu^o condensation takes place to a great 
extent, and with as much violence as, if not more than, in 
any other part of thh globe, and it is consequently the most 
likely place to find a large mass of dry air descending on a 
neighbouring part ; and, accordingly, we find that in Eastern 
Batagonia the air is very dry. 

The western part of Patagonia is another region of copious 
condensation. From extracts already given, it will have 
{Appeared that* for heavy rains and fierce storms this part is 
scarcely surpassed by Tierra del Fuego. It is possible that 
a part of the air, dried by condensation, about the mountains 
of Western Patagonia, may cross the Andes, and descend 
to the eastern plains. But there is another district that is 
supplied with dry air, which probably comes from this region 
of condensation. The rain and storms of this coast extend 
northward to the island of Chiloe, and even to a part of Chili, 
becoming more moderate in the’ latter part. But further 
north, along the whole coast towards the equator, to’ say 
about the fifth degree of south latitude, the air is sufficiently 
dry to prevent any considerable fall of rain on the coast, and 
through a large extent no rain falls. Yet there is a constant 
flow of ait along this coast from the neighbourhood of the 
r^on of condensation and storms just named, though it does 
not come froin the part near the surface of the earth. Now, 
may not the air from this region of storms overflow to the 
north, and, descending on the coast between the ktittides of 
flow from thence to the vicinity of the eqptor t 
of ak is here constantly from the south, 
ri|ii>fs<'ii^ed, the dew-point must be low in the nprthetfl 

Both the temperature and dew-po^bt appea^^jlftTia ^ ’ . 
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^ the aerial streana ^rns to .the westvatif^; ^asaea^tosa t^ 
Pacific to the Indian Archipelago. 

As any one portion of the atmosphere readily acts u^on 
other portions, according to the way in which each is podined 
by heat and cold| and the motion given to one part is propaT 
gated through another until the force' is expended, every 
current will exert a certain force on adjacent parts, and were 
we acquainted with all that takes place in the great* aerial 
ocean which surrounds the globe, we should he able to traee 
the separate force of each current, and shew where it had 
been expended. That part of the continent pf South America 
in which the rivers Amazon and Oronoco tak# their rise, is a 
region of great condensation. The atmospheric vapour is 
supplied from the north-east and south-east trade winds of 
tl^e Atlantic Ocean, and a part" of the atmosphere thus 
brought, we have supposed to have been turned found and 
converted into two return currents, which took a portion of 
the vapour they contained to the west coast of Europe, in 
the northern, and New Zealand in the southern bemi^here. 
But still very copious condensation takes place near the 
Andes. On the Upper Oronocp, near Rio Negro, Humboldt 
was told that, on account of the rains, the sun and stars 
were seldom seen, and that it sometimes rained without inter- 
amission for four or five months. The water that fell in five 
hours, on the first of May, he found to be twenty-one lines 
in height. And the quantity of water here furnished to rivers 
seems to be greater than in any other part of the globe. We 
are ledi therefore, to presunae that there must be an overflow 
qf 'dry air from this part, as the air which ascends to produce 
^ eondensaUen must pass somewhere. Yet there does 
jhp^jieam to be that immediate descent of a large quantity of 
^ surface which appears to take place near to the 
^^^^.{^treiBiQr. of America. In Scarlett’s account of thi|, 
i^ll^tlldriaa.U.is shewn, that there is reason to believe'' 
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t&Mt «liraiBnte prevail m the nej^bbourhoodl of this part ill the 
re^oDS of the atmosphere, moTmg both east and 
from the Andes. He slates that the asliM from the volcano 
of Cosiquina floated in the air^to Jamaica, and at the same 
time south-westward 1,100 miles; there must, consequently, 
have been aerial currents to take the ashes to these parts, so 
decidedly in. opposite directions. The current which flowed 
to Jamaica ie known to pass above, and in an opposite direc- 
tion te, the nortb-east trade wind, but to what part did the 
otiier upper current proceed f May we not reasonably suppose 
that it proceeded westward, to feed that great aerial stream 
which, within the tropics, flows across the Pacific ? i know 
not of any account of dry air descending into the Bay of 
Panama, yet such may be the case in the western part, or it 
may reach the surface of the sea farther to the west. An 
oceanic current moves from the bay to the Galapagos, whilst 
another comes from the south. Captain Fitzroy says — “ On 
one side of Albemarle Island the temperature of the sea, a 
foot below the surface, was 80°, but at the other it whs less 
than 6p°.” And, when speaking of the atmosphere, be says— 
How diflerent is the climate of the windward and leeward 
islands of this group ! Here (to windward) we were enveloped 
by clouds and drizzling fogs. At Tagus Cove and James’ 
Island (on the north side) a hot sun nearly overpowered us, 
while the south side of Albemarle, Charles, and Chatham 
Islands was almost always overshadowed by clouds, and had 
frequent showers of rain.” “ The southerly trade or perennial 
wind is very moderate ; the winds appear to be much lighter 
and more variable to leeward of the archipelago, while the 
current (oceanic) is considerably stronger."* It it not impro- 
bable that the upper current, which brought the ashes 1,100 
frcHB the volcano of Cosiquina, here Iretch thb 
sutfrc# cd!: the sea as a dry wind, and may Ibrm that dadf 
atmospberw which is said to be found frt tho Phohle 
* Csptaia fltsror, p. tSt. 
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dktoly north and wost of the Galapagos. In this, as ^rell as 
in many other parts, a knowledge of the state of the dew- 
point would be likely to throw light on the movementa 
the atmosphere. 

Other areas of condensatiod, such as th,e East Indian' archi- 
pelago, the Himalaya mountains, and the west coast of North 
America, must, we presume, discharge their dried air on 
neighbouring regions, but with our present information there 
is no sufficiently palpable evidence to justify an attempt to 
trace them. 

Inequality of surface temperature must be a sufficient cause 
to produce, in the lower regions of the atmosphere, a slight 
general flow of air from cold to warm climates; and the 
general condensation of vapour in the low level regions of 
the tropics produces a similar result. These two influences 
are energetic enough to produce a slow general flow of the 
lower portion of the atmosphere from the polar to the tropical 
regions, where, from the operation of causes already pointed 
out, it is inclined to move from east to west. In this eastern 
movement the air encounters elevated lands, and, by its own 
inertia, flows up their sloping sides to a height which causes 
additional condensation to take place in the localities. 

The air, moving towards considerable elevations, produces 
difierent kinds of weather, according to its temperature and 
moisture ; and an examination of it, at any time, may shew 
what weather will be produced by it in the locality ; as, for 
instance, suppose the wind in St. George’s Channel to change 
from a dry cloudless north or east to a south-west wind, any 
person, by ascertaining the dew-point and temperature of the 
latter wind, would be able to say, not only whether %»ere 
would or would not be rain among the Welsh mountains, but 
also what would be the ohai!»cter of the rain, whether it 
would bO'Slight or heavy. If the dew-point was near to the 
teipporuture, at s^n as the wind climbed the mountains to a 
small extmit, it would be sufficiently cooled to condense much 
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> & -1^ ra^our that it contained, when large cumuli would hi 
About the mouatains at a moderate height, and an 
meadiag current created^ towards which fresh air would 
xtish, aud a atrouger wind would be tbe result, with heavy 
rain in the 'part. If, on the contrary, the dew-point was 
greatly below the temperature, the ascent of the air against 
the side of the mountain would not cool it sufficiently to 
condense any of the vapour, and the atmosphere would 
remain clear. But if the dew-point was in an intermediate 
state, clouds might be formed at some height, and either wit^ 
slight rain or without any rain. Suppose, for instance^ the 
temperature of the wind to be 60® and the dew-point 58®, in 
that case, when the wind had climbed 600 feet, doud would 
begin to form. As the wind ascended higher, condensation 
would become more energetic, and, however moderate the 
"wind had been before, it would now become stronger. If 
the dew-point was 56®, condensation would commence at 
1,200 feet. At 54®, 52°, and 50°, the heights at which 
condensation would commence would be respectively 1,800, 
2,400, and 3,000 feet. Should the dew-point be at so low a 
temperature as 48°, no cloud would be formed by the ascent 
of air, as the height of the mountain is only 3,560 feet, while 
the point of condensation would be 3,600 feet. 

But cloud and rain may be formed in another way. Suppose 
the same air, with a dew-point of 58°, to be moving very slowly 
on a summer’s morning, and the sun to warm it near the surface 
of the sea or land successively, so as at last to raise it say 600 
feet, and suppose the air so raised flowed against the moun- 
tainsyt is evident that it would then have but little additional 
hei^Bt to rise before condensation would commence. Or if 
there, was a perfect calm, then the lower part might be warmed 
by the sun sufficiently to produce cumulous cloud,' which 
might go on increasing until large masses of cloud 
formed 'and rain fell. From, these facts it is eridcut 
attention to the state of the dew-point may, in audi a 
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enable a person to tell in the morning iphether it is likely 
that there vrill be rain during the day. The daily action of 
the snn^ in warming and raising air and forming cloud, gene- 
rally takes full effect before three o’clock in the afternoon; 
and if by that time rain do not fall from the cOmuli which 
have been formed that morning rain from them need not 
be expected during the day; though it may be produced, 
through the air being forced up mountains, by a horizontal 
current. • 

^ Rain, in England, commonly comes from the south or west, 
because the winds which come from those quarters have gene- 
rally a higher dew-point than other winds ; but air which has 
rested on the north sea, until evaporation has produced a 
high dew-point, may be sufficiently saturated with vapour to 
commence condensation on being either raised by the sun or 
forced up a hill. 

In the summer and autumn, from the flat shores of Lanca- 
shire, when the weather is calm, a thick mist is frequently to 
be seen resting on the sea in the morning, which mist is gene- 
rally raised by the action of the sun on the lowest stratum of 
air, until a well-defined stratus cloud is formed at some certain 
height; and, the dew-point being sufficiently high, by ten, 
eleven, or twelve o’clock, little protuberances begin to appear 
on the upper edge of this cloud, which soon swell into irre- 
gular cones, until cither rain falls, or the cloud ascends to 
higher regions and dissolves, as the sun goes down. ' Occa- 
sionally, when this stratus has ascended a few hundred feet, 
and the protuberances are. forming on the upper edge, the 
misty lower part of the atmosphere appears to separate into 
vertical films, with transparent spaces intervening, the whole 
presenting a view to the spectator of an immense hall or 
theatrical stage, hung with flags of film, some of them islightly 
tifiged with prismatib colours. There is, at the same time, 
that tiremulous motion which suggests the idea that 

IvtMrn) W ascending. From the whole of the appearaneeb 
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^ pre$tuae/d that 4ar« resqltn of the aacent 
therefore tranapasent air tbr<H;^h the loist^ ia 
vertical coluouw or streaj9>s> a». th^ proceed to tho 
ppper part of the c]pud> there to he eondeosed and the 
0a4lidower>^e t(^ of the aumali. 

Among imwMitains these cumuli sometimea.awel} and rise to 
%gieeajt height, and take a cjlmdrieal form, wi^ hemispherical! 

vhen heovy rains almost inTariabl; & 1 L iVom the high, 
grounds near Bamse}', in the Isle of Man, clouds of this 
description may fre^quently be seen, at the same time, over 
Down, Wigtonshire, and Cumberland ; and, fi^m the heights 
of the clouds, and their approximation to the cylindrical 
shape,, the observer may form an opinion respecting the 
quaoriUes of rain falling in the parts. The clouds that 
acct^pany thunder storms, with sudden and heavy rrins, are 
lofty cumuli, with hard outlines, the tops sometimes changing 
tbeii; riiapes with conridecable rapidity, as the vapour varies 
its direction in the ascent. 


Influence of Foretts on CUmate. 

Writers have frequently attributed to the presence of forests, 
or to their absence, the prevalence of a moist and cold or of a 
warni) aiid dry climate. Malte Brun, adopting the ftcts and 
opinions he finds in books, says — “In the Cape de Verd 
islands, it is the burning of the forests which has dried up the 
sj^ngs, and rendered the atmosphere sultry Persia,. Italy, 
Greece, and many other Cj^untries, have thus been deprived 
of their delightful temperature. The ciitt)Og dpwn, of the 
^O^esta which once covered the Pyrenees has,r^dared the aic 
T(Si^, ttri wholesome in the valley of Ai^unr.bemUNia riia abaap^a 
qf that barrier uow permits passage to tho; 

winds. I^inrilar complaints are made in Of^la apd Aii}^||^«^* 
* f«e Malte Bnrn, vol. 1. p. 408. 
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Very unwholesome aeeins strange, btit we maylKippDse that 
the fact given is substantially convct, namely, that the place, 
from the operation of some cause, has become less wholesome 
since the trees were cut down. The almost univeieal opinioh, 
founded on experience, seems to be, that the removal of 
trees, and the leaving of the land exposed to the full influence 
of the sun's rays, make the climate drier and warmer. In 
parts of the United States of America, experience is said to 
have shewn that cutting ddwn the forests, and exposing the 
earth to the sun, renders the place drier and more salubrious, 
as the wood fever disappears. 

But whatever may be thought of the healthy or unhealthy 
effect of clearing forests, there appears to be ho doubt 
entertained that greater diyness is a consequence of such a 
proceeding; as, according to numerous accounts, the earth 
Chen ceases to be equally moist, and the springs to furnish 
an equal quantity of water. But in what way does a forest 
furnish an additional supply of moisture to the earth, and of 
water to the springs? If trees produce these efieCts, they 
must, in some way, cause more water to come to the part: 
and the question is — bow is this effected ? It has been said 
that they absorb moisture from the atmosphere, but that 
would tend to make the air dry instead of damp, and there 
is a contradiction in supposing that trees, at the same time, 
make the atmosphere damp by their evaporation and dry by 
their absorption. The fact, however, seems to be established 
from experience, in difibrent ages and in various countries, 
that riie presence of forests really made the climate e6mpara> 
tively wet, and their removal made it dry ; but, in assigning 
a cause for these factt^ we meet with the most crude and 
contradictory notions. This has, doubtless, arisen from the 
ihiperfeet kUovrledge Which has existed of^the causes that 
flelermided the distrihutimi ol> the supply of water, received 
iBrOaii the atmosphere, to the various parts of the surface Of 
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the^earth. That the chemical and physiological processoa 
^lm\i are faing on in trees do not bring a supply of water 
to the part in which they grow, must be evident. Trees do 
not, by chemically uniting oxygen with hydrogen, form water. 
And it is not conceivable that they can take vapour from the 
atmosphere by absorption, convert it into water, and' convey 
that water through their roots to the earth, and thus furnish 
a supply of water which shall appear in the moistened soil 
and flowing springs; for if they did this, they would make 
the atmosphere dry, and it is known that they make it moist. 
But if water cannot thus be furnished to the earth by trees, 
and if they yet do cause the climate to be more moist, and 
springs to flow more abundantly, as is generally declared, 
it can be only by causing more rain to fall, and this we 
propose to shew is effected by a mechanical and not a 
chemical operation. 

In the Quarterly Journal of Science, for 1829, page 98, 
there is a brief review of a translation of a work from the 
French of M. A. Moreau de Jonnes, which obtained a prize 
from the Philosophical Society of Brussels. In chapter first 
of this work, the author maintains that woods lower tempera- 
ture, on account of their dark colour,” and because they 
keep the soil damp.” The reviewer thinks that the experi- 
ments cited by the author are so detached as to leave room 
for considerable objection. But both author and reviewer 
agree that the clearing away of woods makes the temperature 
of countries warmer. 

In chapter two, the author attempts to shew that woods, in 
flat countries, do not perceptibly increase the quantity of rain, 
but that on mountains they have an influence iit producing 
that effect. And he maintains that the progressive diminution 
of rain in the south of Europe, which is stated to have tilkeii 
place, is to be ascribed to the destruction of the mouutatiu 
woods* But the way in which the woods are SuppiCfSe^^iO 
have produced the rain is not pointed out. In chapter 
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it 18 asjierted that countries, especially mountainous countries, 
which are covered with woods, also abound more in waters 
than others ; but no reason is assigned, either by author or 
reviewer, why this should be. 

It has already been shewn that one great cause which deter- 
mined the quantity of rain in each country, was the existence 
or non-existence of elevated land. And elevated land pro- 
duces condensation of atmospheric vapour, and more or less 
copious rain, by causing the aeriform fluids constituting the 
atmosphere to ascend suiflciently high to commence the pro- 
cess of condensation of vapour. Now if elevated land, by 
forcing the air to rise in the atmospheric space, causes con- 
densation, it is evident that any other cause which shall, in 
like manner, force the air to rise in any particular locality, 
may produce a similar result. And if it can be shewn that 
forests Ijave this effect, it will at once account for the fact 
so long observed, that the existence of forests renders the 
climate wet, and their removal makes it comparatively dry. 

Any person looking from a mountain, on a cloudy storm 
raging in a valley below, may observe that the lower part of the 
storm moves with less velocity than the upper part, producing 
an irregular rolling or tumbling motion of the clouds, that 
evidently arises from the resistance which that part of the 
wind encounters that presses on the surface of thejiarth. 
The frictions and obstructions on each particular part of the 
surface impede the progress of the lowest part of the air, and 
that other portion, which immediately follows, climbs over 
the lowest stratum of air, but in so doing it is itself impeded 
by the obstacle it has to encounter in the lower and retarded 
air. ‘ A third portion of air then climbs over the second, and 
in so doing Is itself retarded; and in this way successive strata 
of air follow and climb over other strata that present obstacles 
to their progress, and thus form overlapping and rising currents, 
moving with increasing velocities as they proceed at a greater 
disUuice from the obstructions on the surface of the earth* 
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to the general force of the wind will be 
0^^binparative retardation of the lower, and the overlapping, 
and ascent of the upper strata. If the air so pro-- 
ceeding is free from cloud, but sufficient^ charged with vapour, 
when it reaches a certain height, a part of that vapour will be 
condensed through a reduction of temperature, and doud will 
be formed, and the vapour being sufficiently abundant, rain 
will fall. This process must take place, to a greater or smaller 
extent, during every storm, even when the surface of the earth 
is bare, and consequently presents comparatively little resist- 
ance to the wind. But when'such a storm encounters a forest, 
the resistance that it meets with is materially augmented, and 
the retardation of the lower strata is greater, the overlapping 
and ascent of the currents are increased, more abundant con- 
densation takes place, and more rain falls, making the place 
wetter than it would be if the forest were absent, .and the 
bare ground alone left* to retard the progress of the lower 
portion of the wind. 

That the additional resistance presented to the wind by a 
forest is sufficiently great to produce considerable effects on 
the movements of the atmosphere, is apparent. The force 
exerted in bending the trees of a forest during a storm is very 
great; and nearly an equal force to that which is exhibited 
in beAing the trees must be exerted by the air which presses 
against the trees in resisting the progress of that portion of 
the atmosphere which immediately follows ; and that following 
portion will be retarded, in its lower part, by a force nearly 
equal to that by which the trees are pressed by the wind. 
But, as the resistance is from below alone, and the wind can 
proce^ upwards, it takes an upward direction, until the lower 
strata of the air in c<mtact with the trees, or near to them, 
by tMr successively diminished velocity, pr^ent an inclined 
of resistance to the air that follows, which forces it to 
stratum being ffie and the 

diminisbing retardation being communicated successively to 
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iko bigbor a£rafc% and reaching to an elevation proportioned 
to the force of the wind and the height of the trees. Thus 
we see that a forest^ by presenting resistance to wind, to a 
certain extent forces that wind to rise, as, in other instances, 
it is forced to rise by the sloping^ sides of mountinns, and 
both causes are capable of producing condensation of i^pour 
and raki. 


Attraction of Clouds by Mountains* 

It is common to find, in the works of intelligent writers, 
allusions to the attraction of clouds by mountains. Such 
attraction seems to be assumed as a fact, the existence of 
which there was no room to doubt; and the movements of 
clouds towards mountains, so generally observed, has been 
universally attributed to this attraction. Malte Brun speaks 
of vapours and clouds being attracted by mountains. Thus 
he says — Mountains act upon climates in two ways : they 
attract the vapours suspended in the air — these vapours, by 
their condensation, produce clouds and fogs, which conceal 
the summits from our view.”^ And Captain Fitzroy says — 
^^The islands of the dangerous archipelago have no bill or 
height of any kind, about which clouds attracted by them, 
taken together, can gather and discharge a portion of the 
contents.” f And this is the general language of writers on 
the subject. 

It requires very little reflection to perceive that the move- 
ments of clouds towards mountains are not likely to be an 
effect of the attraction exerted by the mass of the mountain 
on the matter contained in the cloud. The force of attraction 
of the mountain^ as compared with that of the earth, is as the 
respective weights of the two masses : the force of attraction 

^ Hslte Bfim, vsK i. p. 40S. 
t Csptsia Fitzroy, p. 507. 



iM'cottifmiftd ^tb that of the ear^/ 
i^^l|tiidw{i»e, 's6 e»aU as to lie soavoety appreciable. But 
i0UtUti&t that fbtee may ba, it can only ho exerted in collect* 
round the moaatain a cons nf dir of a little more density 
tlton that rrMch exkts iii%te aUtfospheric space, at the same 
elevation, at a distance ftom the mountain, just as the earth, 
by its at^ction, collects the whole atmosphere around itself. 
Such a cone of air about a mountain may be conceived, but 
cannot be traced. When a cloud is floating in the air towards 
a mountain, as is often seen, its specific gravity cannot %e 
materially different to that of the air in which it is suspended, 
for if it were it would fall rapidly to the earth ; and yet it 
could be in consequence of its superior specific gravity alone 
that it could, in any degree, be attracted by the mountain. 
For if the cloud were of the same specific gravity as the 
adjoining air, it would, as far as attraction affected it, form a 
part of the cone, and would consequently be stationary, as, 
when once the supposed cone is formed, no cause exists for 
the movement of any part of it towards the mountain ; it is 
then only the superior specific gravity of the cloud that can 
be acted upon by the attraction of the mountain. But if the 
cloud had any appreciable superior specific gravity to the air 
in its vicinity, it would fall not towards the mountain but 
towards the body having the infinitely stronger attractive 
force, which is the earth. And as those clouds which flow 
towards mountains do not appear palpably to fall towards the 
earth, and sometimes really rise from it, they cannot have 
sufficient gravity to enable the mountain to attract them. 
The notion, therefore, that mountains attract those clouds 
which are frequently seen sailing towards them, must be 
ffillacious, and there most be solne other cause for the 
pbepoifiena observed, as there is no doubt about the fact 
thut 4duds do frequently move towards mountaiBs. 

Agaiir, |f the attraetimt of the motmtain drew the clouds 
towards it, they ^ould, wheB,tl^ had reached it, remain 
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attiched to it. But it is ccmuqon to s^e cloods sailing towards 
mountains slowly and majesticallyi then ascend them to some 
particular height^ roll over their sidesj and flow away with about 
the same slow movement as that by which they approached. 
Now if it were attraction that drew such clouds^ the same 
attraction would hold them; yet they are not held^ and 
therefore we must infer that such attraction does not eidst. 
Sometimes clouds flow towards Ihoun tains from diflerent and 
even opposite quarters, and this is frequently considered proof 
of the existence ^f suflSicient attractive force in the mountain 
to draw the cloud, Malte Brun says — The South Sea 
islands, notwithstanding their small circumference, in this 
manner, as in a sea breeze during the day time, attract the 
general east wind, which is thus made to embrace them, as 
it were, on every side, and to blow from all points of the 
compass towards the central parts of the island.”* What 
has been already advanced will be suflicient to account for 
such phenomena as those just described, without being obliged 
to suppose that an attractive force in the mountain has been 
the cause in operation. But it may be here repeated, that 
when air charged with vapour is made to ascend a mountain 
sufSciently to produce any condensation of that vapour, an 
ascending aerial current is formed, and into this ascending 
current air may flow from all parts around the mountain, ftf 
the condensation be considerable, the influx of the surround* 
ing air will be also considerable, and winds will blow strongly 
from all points towards the mountain ; and should any clouds 
be suspended at a suitable height in the neighbourhood at the 
time, they would flow with the wind towards the mountains, 
about which a mass of cloud would be collected. It may, 
perhaps, be asked what becomes of these clouds ? And the 
reply to such a question is, that they are condensed in their 
ascent, and converted into rain^ as shewn in an extract from 
Cook, in page The general east wind which prevails in 
* Milts Bias, fol. I. p. $85. 

M 
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tiiB waa blowiog it <ii« period laf^d to, ^d ‘tiiat 
aafaid, whan it encoimtered the' motantaihs, was impalled up 
iheir sides to a suffident he^ht to produce eondensatioD of a 
portion of the vapour which it contained; hence an ascending 
aerial current in the part, and the fall of rain. But as the 
clouds, or such parts of them as were not condensed into 
rain, were carried forward hy the general tirade wind, and 
descended towards the level* of the sea into a warmer atmo- 
spheric region, they were dissolved into vapour, and, by 
becoming transparent, disappeared. 

It is evident that phenomena of this kind must be modified 
hy different causes, such as the height and shape of the 
mountain, the strength of the general wind, the quantity 
of vapour in the air, and, perhaps, by atmospheric currents 
flowing at different heights charged with various portions of 
vapour. When a cloud is formed, and that cloud is carried 
away by a general current into a lower and warmer region, 
the particles of water which constitute the cloud will evapo- 
rate and become vapour, and that portion of the atmosphere 
in which the evaporation has taken place, will be, temporarily, 
more fully charged with vapour than other portions, at the 
same height. In this way diflerent local planes or levels in 
the atmosphere may, for a time, be charged with different 
pl^portions of vapour, one plane having a charge nearer 
to the maximum quantity than another. Suppose such an 
atmosphere to move slowly towards a mountain, and the 
whole to climb its ascent from the mechanical force of the 
vnnd, it is clear thfic the different planes in the atmosphere 
would present evidences of condensation having taken place 
in the formation of cloud according to the ahitodanee of the 
i^^ponr in each part. In the sixth volume of Cook’s Voyages 
tbo flowing account is given A v^toUo stan^ not far 
firokif Iho west coast of North Amerito# and in the latitude 
of S4f* 46^ t ^0 volemio it at the te^ of dm md we 
seldom saw this,* or indeed any other oi ^se nwnntains, 
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wholly <^ear of clouds. 4't’times both base and summit would 
be dear, when a narrow doud, sometimes two or. three, one 
above another, would embrace the middle like a girdle, which, 
with the column of smoke rising perpendicular to a great 
beigbtf out of its top, and spreading before the wind into a- 
tail of vast lengthj made e very picturesque appearance.”* 
Phenomena, similar in their general character, may be observed 
in many moimtain countries. They may be seen in North 
Wales against the south and west sides of Snowdon. From 
Beaumaris, when say a south>westerly win^is blowing, there 
will, at times, be no cloud brought from a distance by the 
wind. But when this wind blows against the sloping side of 
Fenmanmaor, and is driven up it, at a certain height doud is 
formed, which, as it proceeds upwards, becomes more dense. 
Bain then falls from the dense part of the cloud, whilst 
portions of it are driven round the sides of the mountain over 
the Irish Sea, where they frequently dissolve by evaporation. 
The top of the mountain all this time may be clear, but that 
depends on the hygrometrical state of the air. The process 
and appearances described may, however, continue for hours 
without material alteration, cloud being regularly formed 
from the previously transparent air, and a part condensed 
into rain, whilst another part floats away and is dissolved. 
When a person is on the top of a mountain, whilst the dr- 
cumstances just described are taking place below, the cloud 
may be Iqoked down upon, and generally its upper part 1^ an 
irregular white and fleecy appearance. - These circumstances 
do not favour the notion that mountains attract clouds. 

The eastern side of the Andes has already been noticed as 
a n^on of coadmiaation, but the clouds that are formed in 
that n^on do not approach the Andes as if attracted by their 
large ntaanNf. The mountains are lofty, and, in many parts, 
rise abmp% ftoOl a low levdi, and if th^ exerted an attrac- 
tive powar. on (Aonds, ^wonld draw the clouds against their 
OMhM v«l ^ ^ tsi. 





ke Vit Mmhti!wiii. 'Bttt sora^iii |]At ilto in which 
ihijiQ^’itn fonnd this pairt of the #brld, as Will appeto from 
^|&il :fr>lb^dz^'de8Ctiptioa> which tc^i^ to n patt eta the eastern 
^ile d^ the 'Andes, at tome distnicc from^ frdpiM r^on 
^at dondensation : — March £S. Ihe descent on die 
dasterh side of the CordOlera u much shorter or stSi^er than 
dn the PadSc side; in other words, the mountains rise more 


abraptly from the plains than from die Aipine conntiy of 
Qiiti. A level and brilliantly white sea of clouds was beneath 
our feet, and thus shut out the view of the equally level 
Pampas. ' We soon entered the band of clouds, and did not 
eme^e from it that day." Again — “ March 24. I enjoyed 
a far extended vjew over the Pampas. At the first glance 
there was a strong resemblance of a distant view of the 
ocean, but in the northern parts many irregillarities in the 
surface were soon distinguished. In the middle of the day 
we descended the valley, and heard that the silvery clouds, 
which we had admired from the bright region above, had 
poured down torrents of rain.”* Here the air on the plains, 
stopped by the mountains, attained a sufficient height to pro- 
duce condensation and form cloud, and this cloud, it appears, 
extended over the flat Pampas and was apparently equally 
level with them ; and within this extended flat cloud torrents 
of rain bad poured down. These facts are in accordance with 
the iheory of condensation from cooling' by ascent, but not 
' reCondliible with the belief that mountrins attract clouds. 
These mduntains are some of the largest in the wt»ld, and 
they present their steep sides abruptly to the plains where 
elouds are formed, but there is no cltisterinif of the clouds 
it^g^st their rides, like iron filings to a magnet, as there 
^ionlfl be if this theory of attraotim titte; 

• Uwwis, p.iri.. 


Storm. 


Stomui, an they (tften materially affect the well-being of 
maoi have in all timea arrested attention, and have, frequently 
stimulated inquiry into the causes which produce them, yet 
no satisfactory account has ever been given of those causes. 
Recently considerable industry has been exhibited, particu- 
larly in the United States of America, in collecting facts 
relating to the peculiar action of storms. Mr. Redfield has 
attempted to sfa|w that they are whirlwinds, with a progressive 
motion; and Colonel Reid, in his book on storms, has 
advocated the same theory. But while the facts adduced by 
these gentlemen are admitted to be substantially correct, the 
inferences from them have been disputed by Mr. Espy, who 
maintains that all storms are strong winds converging to a 
central part or line, where an ascending current exists ; and 
he maintains that such converging winds, having a progressive 
motion, will produce appearances somewhat similar to those 
observed by Redfield and Reid, and which, he says, they 
erroneously attribute to whirlwinds. 

As storms commonly extend over a large area, and the 
motion of the air durii^ their continuance is rapid, and, to a 
considerable extent, irregular, it has been found difficult to 
collect facts sufficiently minute and accurate respecting the 
strength and direction of the wind in the various parts where 
the storm has raged. And a progressive whirlwind might 
certainly present phenomena so similar to progressive con- 
verging winds, as to render it difficult to determine whether 
the particular facts observed are more in accordance with the 
one theory or the other. 

Mr. Redfield does not profess to give any theory to account 
for storms, but confines himself to endeavouring to prove that 
they take the form of whirlwinds, whilst Mr. Espy maintains 





fi^all attempt to f^ew pjreeeQt]^.tbi^;|ttl^^p%a^ 
need in the way described by.lfr. Btpy i b!;^;aiiqf»po8i^f 
the present, that he is, to a dertaia eactent, r||^ w his 
theoiy, may it not follow that when some storm has been 
produced in the way he states, it may afterwards take the 
form of a whirlwind? 

Motion in mr is so rapidly communicated to adjoining air, 
and our means of observing the particulaqppaotions of the 
various parts of a large mass of air are so imperfect, as to 
make it difficult to detect and follow irregular movements 
that take place in the atmosphere, whatever they may be. 
But from what is known of the state of our atmosphere, we 
may suppose that, on condensation produdng an ascending 
current, if the supply of vapour was equal on all sides, a 
nearly vertical ascent would be the result, and equal quantities 
of air would flow horizontally from all sides to supply the 
vacuum thus produced. But if one ride furnished more 
vapour than another, there would be a greater vacuum on 
that side than on the otber, and, consequently, a more rapid 
rush of air from adjoining parts of thftt ride into the vortex, 
which might possibly give it a spinning motion, in adffition 
to its ascending motion. This being admitted, it would follow 
that if an ascending current, with a pr<^(»rive motion, should 
traverse a part of the atmosphere where the dew>poiot is 
higher on one ride than on the other, the ascending current 
might first take a spiral form, aqd ultimately become a 
whirlwind. 


The localities ^here whirlwinds are said to be the most 
fr^uent and viole^ are the West India* Mands in the 
northern, and the Islands of Franoe and Bourbon in the 
southern, hemisphere. iThe former are within the laritndes 
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#iid &av« « tn^O wind' bloMring on 
jpbth^en 
the 

idtmdi^^u'tffA^ fhlly ehhrg^d ividbt Tapimr;^^ it is to be 
pnstimml ibbt)S’‘iblly^o^ sdutbeim than dn its nortbei^ 
»dS; < Oii the southern 8ide> in the latitude of 10*, the 
dew-^Aiit shall bo suy ?8*, and on the nortberu side it shall 
be 70° or 65^,' or some other lower point. Now, suppose an 
ascending current- to be formed in the Uiiddle of this trade 
wind, about Antigua, and then more vapoUr would come on 
the southern than on the northern tide, and this superior 
quantity, in its ascent, would, on condensation taking place, 
give out more heat on the southern than was at the same 
time given out on the northern side, and cause a more rapid 
ascending current on the former than on the latter tide. 
Suppose further, the ascending current to spread and extend 
to the latitude of 10*’, and an equal distance northward, 
and then this area or ring .would be supplied with a quantity 
of vapour expressed by a dew-point of suppose 73*, or a 
sixtieth of the then existing whole atmosphere, from the 
south, while on the northern side a quantity of vapour 
expressed by a dew-point of suppose not more than 52°, or 
a one-bundred-and-twentieth part of the atmosphere, would 
be furnished; or the difSprence in the dew-points might be less 
than this. But as the rushing in of the air below to supply 
the ascending current, in any part of the ring, would be 
proportioned to the amount of condensation in that part, the 
rush of air on the southern side would be greater than that 
on the northern side, and this being continued, might cause 
the ring to revolve horizontally, at the same time that the 
air wos ascending. Thus the wind, which, under these cir- 
cumstancesi would be found near the surface of the globe 
in tibe.nc^hboorhpod of the vortex, wluld be determined’ 
by the joi^t forces' of the ascending and revolving currents, 
the ascei^g tending to produce converging winds and the 
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iov^y|Q|f wbiiJwinds, while the whole had a progressive 
pTO^Ckccfd hiy the general flow of the trade wind. 
^.^Cdl<M>^l lUid ahev^ that atonna 4ake place in the Indian 
^ i^flds<fl£ S^oft tnd BoaflMH»« in a way 
^ oqew. jbi;^;W|t|0 

iRfl^aaen’ to 

ii^iiSariy cin^usstaoced to the « 




wind generally blows from Am>tnd|a« ai^. factWitoitJlO* attd 
40** of south latitude, towurds the Chipe of Good Hope, 
passing south of but not far from the isles of France and 
Bourbon, which are in 80^ south latitude. And when the 
South-west m<msoon blows strongly it is found to proceed 
from Madagascar towards the islands of Sumatra and Java, 
passing not far from the two first named isles. It is well 
known that the dew-point is high about these isles, and the 
atmosphere is often calm for a considerable period. But 
suppose an aacendwg current to be formed near them, with 
an area or ring large enough to have a part in the south-east 
trade wind, or in the south-west monsoon, while the opposite 
part was either in a calm or in the opponte wind, and we 
should have similar causes in operation to those which we 
have just traced in the West Indies, and the outer part of 
the ascending current might be made to spin round — or a 
whirlwind might be the result. 

These whirlwinds are said to prevail more particularly in 
the localities named, but if the foregoing reasoning is correct, 
it is evident that whirlwinds may be formed wherever the 
causes which it is here supposed produced them exist. An 
ascending current, acted upon by an unequal sup|fly of vapour 
in different portions of the outer part, may take an eddying 
form, as all fluids seem liable to do when in moflon; and 
whatever vapour i| most abundant, wd at the same time 
unequally distributed, there the eflbcts vdll be the greatest 
and toe whirlwind the most pow^ful. In the Britoto Islands 
it is probable that a south-west wind, fully itoatged with 



vapour, may often be found blowing in the neighbourhood of 
a north-east wind ; and supposing condensation tci commence 
in a part of the south-west current \{hich is near to the 
north-east wind, and a ring of ascending air to be created 
which chall notih-it i^precds intn the north-cMi 

he ee^tyiiig- ^e 

rin|(>^ih ohe Erection, vhile '1^b# ttorth-eact would be 
it in the (^[tptHdte direction. . 

' It appears, then, that the whirlwinds of Redfield and Reid 
may exist, and may be products of the ascending currents and 
converging winds of Espy — condensation of vapour being the 
primary cause of both. But here a new question arises. Are 
all storms, as Mr. Espy maintains, produced by ascending 
currents alone ? Storms are but strong winds, and it is cer- 
tainly but reasonable to suppose that the same causes which 
produce ordinary winds produce strong ones, and create 
storms. Condepsation of vapour being the great general 
cause of all the considerable movements of the atmosphere, 
it appears to follow, and must indeed be presumed to be 
true, until we have evidence to the contrary, that the most 
violent of these movements are results of condensation. But 
Mr. Espy contends, not only that storms are results of con- 
densation, but also that they are horizontal converging winds 
rushing to a centre or^central part, where an ascending 
current exists, and that all storms are thus produced, and 
are converging winds. Now in so moveable a body as the 
atmosphere, where one part so readily acts on another, it 
may be found that violent action of one kind may produce 
violent action of another kind. And if facts frequently 
observed in storms do not agree with the theory advanced 
by Mr. Espy, it may reasonably be suspected that some 
second cause is in operation : and we may endeavour to 
discover the particular action of that second cause. 

When copious condensation commences in any particular 
[)art of the atmosphere, an ascending current, as has been 

N 
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aliewn, is formed, and a comparative vacuum created. The 
mcpansion of the air in this vacuum cools it, until more 
vapour is condensed, more heat liberated, atid the air again 
^wanned and raised. The adjoining air, not having the same 
as befmm in the part irbeia the vacttnm id formed, 
PPMlHbio it, add ID hd Ir'ldio ^ 

pum ’iia taeudtti'ffid 

consequent cooling.' >^11 liMIS^s 

theory, that in all storms, and espetMl/'in hll ’akdent ones, 
the barometer should fall, the vdnd become co3d,’and the 
^ermometer should sink. For as, in the part, the barometer 
fell from the existence of a comparative vacuum near the 
earth, so the thermometer should sink from the expansion 
of the air in that vacuum. Now if, during the violence of 
a storm, the thermometer, instead of falling should remain 
stationary, it might be presumed that such stationary state 
indicated that the storm was not the expanding of air to dll a 
vacuum, but that it was produced hy some other cause. 

When ait is suddeniy heated and a conriderable vacuum 
produced, and a rapid ascending current formed, a large mass 
of the air must be discharged in the upper regions. And 
this mass may be thrown on adjoining parts so suddenly as 
to penetrate those parts and descend again to the earth. 
This, perhaps, could not take plact'to a great extent if air 
alone was in motion ; but the ascending current produces 
drops of water, and as soon as the force which carried the 
current upwards was expended, the force of gravity of the 
drops of water would cause them to fall. And in falling they 
might bring with them a large portion of the air ^at had 
been discharged above by the ascending current. Now such 
. air, having been previously heated by condensation, when it 
ibadbed the 8U]:face of the earth might be warm, and a thermo- 
meter placed in it would be stationary, di might even rise. 

The great storm which swept ove# %e BHdsb Islands on the 
night of the 6th and the morning of the 7th of January, 1889, 



moved in about the direction of south-west or west-south-west, 
passing over Ireland and the middle of Great Britain; and 
when that storm was at its greatest height; say from 
two to six o’clock of the 7th, the atmosphere was warm 
to the' feelings. In the accounts which appeared in the 
newippe^ ; tH, tbemiMnf ter was, npt p:!^ 



i-'iTOd, 

appuf ite havp |>eeD iBade o£ odd hj;. 
wpr<^ exppsfd t^^^ppto^. At BochiMej at five Vclod: (U ' 
the morning of Ap 7thjf .tl» l^urometer is stated to have been 
at inches, and it is to be presumed that it was about 
equally low in other parts where the st^gm raged, though, it 
being night, the fact has not been noted. Now, if the wind 
which blew at this time consisted of air rushing by expansion 
into a vacuum, that air would be cooled by the expansion 
about ten degrees of Fahrenheit. But no cooling is noticed, 
and. none appears to have taken place; we may, therefore, 
infer that the wind which blew so furiously in this storm was 
not air expanding into a vacuum. 

Another striking fact appeared at Manchester during this 
storm. From one until hve o’clock, and probably later, in 
the morning of the 7th, while the wind was blowing furiously, 
the sky was quite clear — not a cloud appearing. The storm 
did not here begin unt^ after midnight ; and it may be said 
that the heavens were free from clouds during the first four 
or five hours of the storm; and if that storm was*merely 
the rushing of air to fill a vacuum caused by an ascending 
current, which ascending current produced clouds and rain 
in the higher regions of the atmosphere, why had we neither 
clouds nor rain at Manchester during the time ? On Mr. Espy’s 
hypothesis, with such a storm as that of the 7th Januaiy, we 
ought to have had a cold wind, made colder to the feelings by 
its great velt^ty, and also at the commencement, as well as 
during the prqj^PSS of the storm, dark clouds and heavy rain; 
but we exj^idtopsd none of these. Nor does copious rain 
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0 V That condeination of an abttndanca of vapour, ind a eoti- 
<4l(^iiunat vacuum, and ascending current, perhaptf over the 
jiLtlantic Ocean, may have originated this stofm, is not only 
possible but probable : but that the storm, as it swept over 
these islands, was not the rushing of air to fill a vacuum, is 
iufScieniiy clear. It had neither the coldness, the cloudiness, 
nor the rain^ that would have been consequent on such a 
process. But if we suppose the ascending current to have 
existed, say over the Atlantic, and a large quantity of air, 
mixed with rain, to huve been there carried up sufficiently high 
to have penetrated a south-west current in the higher regions 
of the atmosphere, which was moving with great velocity; and 
if we further suppose the ascended mixture of air and rain 
afterwards to descend, and in its descent from the height to 
which it had been carried, to have brought down tins south- 
west current, moving with great velocity, to the surface ol 
the earth, all the principal facts which appeared in this storm 
will seem to be natural effects. The south-west current, 
when thus brought down and subjected to additional atmo- 
spheric pressure near the surface of the earth, might be warm, 
and having come from such a height, would have but little 
vapour in it, and therefore would Hot be disposed to form 
rain, or even to be cloudy. And if we suppose the whole of 
the atmosphere in the locality, up to a considerable height, 

' to be made up of the descended wind, the superior warmth 
and consequent elasticity of this thick stratum of air would 
reduce its gravity, and cause the mercury in the barometer 
on which it rested to sink. In this way we should reconcile 
the facts of having, at the same time, a warm air and a low 
barometer, which, on Mr. Espy’s theory, seem to be incom- 
patible. That a south-west wind might he moving with a 
h^h velocity in the higher region of the attnosphere, at such 
a season of the year, in the locality. Is probable^ a» such wind 
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e&nh 81 a mm wind, tiunigh in A 1«88 abrupt manner than 
it saems to hare done at time of thia stonur And suffi- 
cient reasons hare been advanced to shew that extensive 
condensation ihay suddenly bring an upper current down to 
the surface of the earth. 

Numerous accounts, in the works of travellers both by sea 
and land, may be found of storms which indicate that they 
were the outpourings of an ascended current, bringing air from 
the upper regions, rather than the expansion of lower air into 
a vacuum. Captain Fitzroy, speaking of a “pampero,” near 
the mouth of the River Plate, states that it took place in the 
middle of the rainy season, the time when the vapour of the 
tropics is passing southward towards cooler regions, corres- 
ponding with July in the West Indies, and hejvrites thus: — 
“ On the ilOth January, 1829, the Beayle was standing in from 
sea towards the harbour 'of Maldonado. Before mid-day the 
breeze was fresh from the north-north-west, but after noon 
it became moderate, and there was a gloominess and a close 
.sultry feeling, which seemed to. presage thunder and rain* 
During three preceding nights banks of clouds bad been 
noticed near the south-west horizon, over which there was a 
frequent reflection of very distant lightning. The barometer 
had been falling since the 25th slowly but steadily, and on 
the 30th at noon it was at 29.4 inches, and the thermometer 
at 78®. A? about three o’clock the wind was light, and 
veering about from the north-west to north-east. There was 
a heavy bank of clouds in the south-west, and occasional 
lightning was visible evdn in daylight. There were gusts 
of heated wind. At four the breeze freshened up from 
north-north-west, and obliged us to take in all light sails. 
Soon after five it became so dark towards the south-west, and 
the lightning increased so much, that we shortened sail to 
the reefed topsail and foresail. Shortly before six the upper 
clouds in the stmth-west quarter assumed a singularly hard 



^j.V-GrBAT 0»' -A- StO&M. 

K^MvtMiedi^ and thd tc^ 
amall new ibresnli ^ OtaitB of hot wind «aitte off tlie 
niAieat knd at intervals of abont -a minute. The wind 



cbsbg^d quickly, and blew so beavily from Ae south»west, 
ff»t the foresail split to ribbons, and the ship was thrown 
almost on her - beam ends. Tlie main topsail was instantly 
blown out of the men's hands, and the vessel was apparently 
capsizing — ^whCn top masts and jib-boom went close to the 
caps, and she righted considerably. Two men were lost. The 
starboard boat was stove by the force of the wind, and the 
other was washed away; and so loud was the sound of the 
tempest, that I did not hear the masts break, though holding 
by the mizen ^rigging. Never before nor since have I wit- 
nessed such strength, or I may say, weight of wind ; thunder, 
lightning, hail, and rain came with it, but they were hardly 
noticed in the presence of such a formidable accompaniment. 
After seven the clouds had almost all passed away ; the wind 
settled into a steady south-west gale, with a clear sky.” 

In this account it is to be observed that the clouds from 
which the storm appeared to come, were, when first observed, 
very heavy in the south-west, in which direction there would 
therefore have been great condensation of vapour and much 
min formed. The ascending current, which it is presumed 
produced the condensation, the clouds, and tfie rain, was 
at last apparently poured out from the south-west towards 
Maldonadp, and the rain in its descent probably forced the 
wind in the direction of that place. Immediately before the 
storm, gusts front the north-north-wCst came off the nearest 
land at intervals of a minute, when “the wind changed 
^ulcbly, and blew so heavily frmn the sbuth-wiMt, tiiat the 
fdi^esail split to ribbons, and the ship wis ^ilbrdwn almost on 
h^ boam ends.” Now ate not all these facto such» dr nearly 
8fich> as wotild be likely to occur if wndujl^^e suut^t fdin to 
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b# formed mA Sm^aixi^ to E^^ortpin Irnght joi tbo atmo^ 

projMied tddof pttce at a 

particular devation iu au aaceaded emrenl ? Jt could uot be 
the centre of an aecending current such as is described by 
Mr. Espy, which was passing from, the south-west towards 
the north, as such a current would have been first strong 
from the north, then a calm would have been experienced 
in the centre under the vortex, and then would come the 
south-west wind flowing towards the vortex, which would be 
at first rather an ascending than a horizontal current, and the 
increase in the strength of the horizontal wind must have 
been gradual. The storm could not be one side of such an 
ascending current, seeing that such a change in the direction, 
and sudden burst of strength of the wind, is incompatible 
with what must then have taken place. And what conceivable 
cause could produce such sudden strength, or, I may say, 
weight of wind,” as that described by Captain Fitzroy, except 
the one supposed — the descent of a heavy torrent of rain, 
expelled and projected by an expanding mass of air ? 

In the same book, vol. 1, it is stated that, when in the 
southern part of Tierra del Fuego, ^^at Port Waterfall, near 
Port St. Antonio, we noticed some extraordinary effects of 
the whirlwinds which so frequently occur in Tierra del Fuego. 
The crews of sealing vessels call them ‘ williwaws,’ or hurricane 
squalls, and they are most violent. The south-west gales, 
which blow upon the coast with extreme fury, are pent up 
and impeded in passing over the high land, when, increasing 
in power, they rush violently over the edges of precipices, 
expand, as it were, and, descending perpendicularly, destroy 
every thing moveable. The surface of the water when struck 
by one of these gusts is jk) agitated as to be covered with foam, 
which is taken up by them, and flies before their fury until 
dispersed in vapour. Ships at anchor under high lands are 
sometimes suddenly thrown over on their beam ends, and %he 
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their^ equiUblium na if notbiog bad 
bap{>i^^* In tbe Gabriel ebannel * the wilUwaws/ bursting 
oter the mountainous ridge which forms tbe south side of the 
channel descend, and, striking against the base of ths opposite 
shore, rush up the steep and carry all before them/’ 

Tbe south-west wind is here represented as being ^^pent up 
and impeded in passing over the land ;* the barometer, how- 
ever, would shew that there was no increase of density in tbe 
air when it was passing over the high land. The extreme fury 
of the south-west gale may, we presume, have arisen from 
the sudden expansion of the air in those high parts. But 
we are told that very heavy rains are also produced by these 
gales, and those rains descend to the surface of the earth. 
Now supposing this rain to fall from a great height near the 
precipice, it must bring air with it, and, increasing in power 
as it descended, nearly perpendicularly, it might become a 
storm and destroy every thing moveable. Such a mass of rain 
and air falling on and striking against water would agitate it, 
cover it with foam, and the air, in its elastic rebound, might 
carry away the foam, as winds carry the spray of the sea, until 
it was at last dispersed. Sudden and copious rain falling 
among mountains will have a tendency to bring down air 
over a certain space, and momentarily to compress it into a 
somewhat smaller space, as the valley, lake, or bay into which 
the rain falls contracts in size below. And the part of the 
storm of wind and rain that reaches the earth may, under 
these circumstances, be driven down like the edge of a w'edge, 
or the point of an inverted cone, in which is concentrated all 
tbe force exerted above, temporarily compressing the air and 
up the barometer. It sbouldt also be recollected that 
l&e expanding air may, at certain heighls* descend- 

ijj^ jfiain, and the joint force of the |wo thay act in all eon- 
mode$> paiticularly in the irre^Iar spaces included 
betistbbu :0en%ttO mountains. eurr^n^^^ 

alon# evidently hiive not tbe power to produce the effects 
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described in the extracts; For supposing a horizontal current 
to be of great force^ and driven up one side of a mountain, when 
it reached the top, and passed over the. precipice, it would 
meet with greater resistance from below than from above, and 
would, consequently, be more disposed to ascen<l than to 
descend. The force of gravity of some body more ponderous 
than air is necessary to produce such a vertical descent as 
takes place in these local storms called williwaws,” and that 
force seems obtainable from rain alone, as no other body is 
present to furnish it* The figure used in the description of 
bursting over the mountainous ridge’* can mean no^more 
than that the williwaw” was firsi observed coming from that 
part. Rain might have been descending from on^ current, 
and while in that state be caught and thrown over, or oflT 
from the ridge, by another ascending and expanding current, 
and the projectile force with which the rain was thrown, and 
its own gravity, might carry it to the base of the opposite 
shore, where, intermingled with air, it would rush >vith a 
force proportioned to its velocity. These descending gusts 
of wind are almost always stated to be accompanied by rjaiui 
either in them, or near them, but the rain is generally sp^en^ 
of as brought by the wind; it is, however, desirable that* 
these phenomena should be observed with a supposition in the 
mind of the observer that the rain may be the cause of the 
wiitd rather than an effect of it, in order tliat it may be seen 
how all the facts will harmonize with such a supposition. 

Laird and Oldfield, when in Africa, thus describe a storm 
on the Niger: — There is something awfully grand and 
impressive in the appearance of the heavens before a tornado. 
A. dark mass of clouds collects on the eastern horizon, accom- 
panied by frequent loud but short noises, reminding one of 
the muttering and growling of some wild animal in a voice of 
thunder. This mass or bank%f clouds gradually covers one- 
half of the horizon, extending to it from the zenith ; bi|,| 
generally before this a< small and beautifully formed - 
o * 



106 An African Stork. 

aidi, ‘on the verge of the h(nizoa; appears, and gradoally 
increases. Long before it reaches the vessel the roaring 
whistle of the whirlwind is heard, producing nearly as much 
noise as the pbals of thunder that seem to rend the very 
clouds apart from each other. The course of the squall is 
distinctly marked by the line of foam it throws op, and I 
have stood on the taffrail of a vessel, and felt the first rush 
of the wind while her head sails were becalmed. The sensa- 
tion it produces afterwards is cheering and delightful. From 
breathing a close and mur^ atmosphere, loaded with unplea- 
sant vapours that invariably precede the tornado, the mind 
becomes relieved, as it were, from a load ; the air is fresh and 
clear, and every thing around is fresh and exhilarating.”* 

Can such a storm as this arise merely from the expanding 
or rushing of air into a vacuum ? Converging winds, moving 
towards a centre, cannot have in their front such an abrupt 
edge as this storm had; as these winds, when approaching 
their centres, will curve upwards. And the air which is 
farther from the centre, and which follows the first rush, 
will be, in a continuous stream, produced by successive 
expansions, and increasing in force up to some point ; which 
stream however will, at a certain distance, become weaker, 
until it at last disappears at the outer extremity of the storm. 
But in this African storm the cloud'was seen in the east, the 
roaring whistle of the wind was heard before it reached the 
vessel, and its locality and progressive force were distinctly 
marked by the line of foam which it threw up, and it came 
so abruptly that the writer stood on the tafifrail of the vessel 
and felt the first rush of the wind, while her bead Mils were 
becalmed. These circumstances may be coneeiv^ to have 
resulted from the outpouring of an ascended eunent which 
hod carried much rain into a bi|^ region of the atmosphere, 
where tiiere was possibly a suldto sotpanidtm of tdr: or a 
rapid upper current might Have eadsted* a part of which 
• UM tta t»i, t. p. as, 
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may bare been brought down by the descending rain, and 
which continued its rapid motion as described, until, at some 
distance, its force was expended by the resistance of the 
lower air: but the facts appear utterly irreconcilable with 
the supposition that the storm was the immediate effect of 
air rushing into a vacuum. We are told, too, that previously 
to the storm the atmosphere was close and murky, but after- 
wards it became clear, and every thing around was fresh and 
delightful. From this accoujijt the lower air before the storm 
was evidently fully charged with vapour, but the air which 
constituted the storm, if it came from a height where much 
vapour dould not exist, must have been dry, and hence the 
delightful sensations spoken of.* Had we the dew-points 
immediately before and after the storm, it is to be presumed 
that they would shew a great reduction in the quantity of 
vapour in the atmosphere. Even the arch that appeared, when 
the storm was at a considerable distance, may be explafhed 
on the theory here suggested. The ascending current, in 
which we presume the storm originated, had its condensation 
commenced at some certain height, dependent on the hygro- 
metrical state of the air, say at such an altitude as would 
enable a person at a moderate distance, looking at it in profile, 
to see the transparent space beneath the lowest level at which 
the cloud was formed. And as that level would be at about 
a uniform distance from the earth, it would take the curve of 
the earth, and the radiant or transparent space below would 
seem to have an arched top. 

Descending gusts of wind have been often noticed and 
described in a general way. Malte Brun, when speaking of 
a hurricane, says — ''It begins in various ways: sometimes 
we have a little black cloud appearing on the summit of a 
mountain; at the instant when it seems to settle on the peak, 
it rushes down the.declivity, Enrolls itself, dilates, and covers 

* Dr. CUMe dmM bei a iMim wliioh h« MKXmatCMd in the Blank Sea. 
Chi^te* of ik fimb, 
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tibw RHbole horizon."* It is not ea^ to conceive that this can 
hW’ROjtfaing but the outspreading of an ascended current, 
carried oondciifeMd<niiwinr to wnne certain height, 
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for gusts wind^ conie 

• 8uddeidy,^wid as suddenly to cease. Kcer how ton it be 
conceived ^at there can be si|eh an abrupt change, as u 
e^diibited ia>the86 sr^den stomu^‘ in the force of a horizontal 
eun«sit.f dfiloiadequate cause for such a change can be traced, 
fiut'tf wh4iopptoeia>iocal formation of rain at a considerable 
•height jn the atmosphere, and a projection and descent of 
itax rntn at some aagle determined bjr its own gravity, and 
\he' Erection of any current of mr which may have acted upon 
it, or through which it may have passed, all that takes place 
seefos natural and probable. In the southern parts of the 
linked States of America it is said that storms are sometimes 


experienced which seem to alight on the surface of the earth, 
and ravage it for a certain moderate extent. The storm 
then leaves untouched a space, appearing to have jumped or 
bounded over it, and alights on and ravages another part, and 
in that way proceeds forward. Now is it not reasonable to 
presume that some such force as that which is exerted by the 
gravity of descending rain, roust have been instrumental in 
producing the peculiar effects described ? These effects may 
be considered local results of condensation, and a fall of rain ; 
and when the results are of a more extensive character, they 
operate over a wider area ; — when still more extensive, they, 
in time, blend with and modify each other: and instead of 
storms bounding along as in the United States of Amferica, or 
producing such incidents as are to be seen near Cape Horn, 
the upper current, or that whibh otherwise would be the 
upper current, is extensively brought down to the surface of 


* Milto Bnu, i. p. 307. 


the glpbe> and caused to force its way against and displace a 
part of the lower stratum of the atmosphere. In -this way 
the atmo^heric spaces near the surface of the globe, between 
tropical parts such looslities as the Ilimala|a Mountains, 

Albion, 

bASfltRMl«.oc«B|^ «>suHS^' wsRrm#» (UNd'^distarlMA serial 
evremit, fiowiug ftom parts where srapisratioii has fumidied 
vapour in abundance to other parts where that vapour is 
freely condensed. But a sudden descent of air in a parti- 
cular locality, resulting from great condensation in that 
locality, may display so much energy, and produce so violent 
a rush of the descended air, as to make it a storm ; and the 
force of the storm will be determined by the quantity of rain 
formed in the higher regions, or the velocity of the upper 
atmospheric current brought down by the rain, or by both 
causes acting together. It must, however, be admitted that 
the subject of Storms is surrounded with difficulties which 
additional information will be likely to remove. 


The Irregular Fluctuations of the Mercury in the 
Barometer. 

As the column of mercury in the barometer balances the. 
weight of the atmosphere whmh rests upon it, the height of 
the mercury must exhibit the amount of that weight. But 
the height of the column alters so much, from time to time, 
as to make the extreme range of the alterations at the level 
of the sea aboi^t three inches; and, of course, the weight of 
the aerfki cedamn must vary to rixe same extent. Now, what, 
is the immediate operating cause of this variation in the 
weight o£. 't|ia..atmospherer This.is a question which has 
been olt^maalaed,: -^ aitisfectary reply having bmk; 

given, thdni^ ihtmy: attempts have been made to answer it. 
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:lww6ver> gemera% Rdinitted that the fluctuations of 
! «ie> in soinia on vamtions in 

ItnkOviif dw .atipiKqp||eCE»>-|B|^ influences 



MilBHmM tfae.diffiealty oaly-R sini^ stx^ aB>#«-.hKV« stfll to 
> iUctein what can produce aaok a yam^oii'jef temiNmture 
as dkall alter the 'we^fat of the aErial. cdama to flie extent 
that is often exporienced. ^ !Ihe genei^ amage ludght of the 
- mereuiy at tbe level of the sea being SO inches, the weight of 
the fdmosphere is, of course, equal to diet he^ht of mercury; 
ttid as the fluctuation is, in some parts, about three inches of 
mMcuty, the alteradon in the temperature of the atmosphere 
must be great to produce such an eflect. 

Within and near to the tropics the amt beats th# atmo* 
spheric mass and causes it to expand, rise, and occupy addi- 
tional ^pace above the surface of the globe, but that does npt 
materially reduce the pressure of the aerial column against the 
mercury in the barometer within the tropic|^ regions, because 
*the heating by the sun operates so slowly as to allow such a 
moveable body as the atmosphere to supply the place of the 
mcpansion above by an influx of air below, and this prevents 
any great disturbance of the pressure; But much of the heat 
(tf the sun that impinges on the surface of the globe is not 
accumulated there, but unites with water, and converts that 
vmter into aqueous vapour, which flies from the part, taking 
die heat with it in a latent form. Let us then endeavour to 
frilow this vapour, and try to ascertain whedter lfis the heat 
that it contaiiu which, by disturbing the temperature, alters 
the prmsure of the atmosphere in certain dncfflirilfiiRnd^iiauses 
^AuctuatioBs'of die column of mercury in-lhe barometer. 

^1^1^‘are many localities on the surfkce of the globe where 
fl|^>fa«# ’%hich has been taken ' up by ‘ eva{iOration is- freely 
X^veh out l^iroisdenri^on when mEdb rain 'iMls»' but none 
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where the effects are of a more striking character than in the 
neighbourhood of Cape Horm The solar heat taken up by 
the water of the Southern Paeifie Ocean is, tn the form of 
vapour, conri^ to &a Tioiira||I^Faego, and 

is hy m 

laipa ledi, IHieiieedi ai^ Mb ibieif to thal^p^un 

of with which it is in contact; to raise its 

temperature and cause it to expand* The way in Which 
this liberated beat expands the atmospheric gases has bemi 
explained in a paper on the formation of the cumulous cloud, 
published in the PhUotophical Magazine for August, 1841* 
It was there shewn that the liberated heat increased the 
elasticity of the gases, caused them to expand into a wider 
space, pushed the adjoining mass of air away, raised that 
which was above, and caused it to flow over to adjoining 
parts, and thus removed a portion of the weight of the atmo- 
spheric column in the locality*^ This is what apparently takes 
place in the part of which we are speaking, the southern extre- 
mity of America, when rain falls freely. Captain Foster, who 
erected an observatory in 65® of south latitude, says — “ The 
height of the mercury is perpetually fluctuating, shewing a 
constant change in the aerial column.” And the mercurial 
column is generally low, as he states that the barometer at 
Cape Horn, Staten Island, and New South Shetland, scarcely 
ever reaches 30 inches, and the mean of the year* is S9.3 or 
29.4.” Captain Fitzroy also speaks of this locality in a similar 
way, as being furiously windy, and drenched with rain, but as 
being warm in the winter for the latitude. He has given an 
account of the state of the barometer in various places in the 
neighbourhood, and among them are observations off— 

Di«go Hamiires, fivm Jsnaary 1 to Janaary 14—44 times, ayersge 29. 19 

Goree Boad ... from Jauaavy 15 to January 23—45 times, arerage 29.57* 

Berkley Sound, from Blaroli 1 to April 6— 44 times, average 29.47 

shewing an uncommonly low average state of Ihe mercurial 
column, and consequently of atmospheric pressure. 

* See also page 12. 



' j»9CAiniN^ have been fnr- 

i^ecting this^remark^^ region of condensation, it 
vi41b^i^^ar Aat we are justified in concluding that the 
Om^nsation vapour, and consequent liberation of heat, 
which evidently take place in the part, cause a boiling up 
and overflowing of the atmosphere, and that that boiling up 
and overflowing not only produce variations of atmospheric 
pressure, but prevent the atmosphere from there settling 
down in its full quantity and weight, and hence the low 
average state of the column of mercury in the barometer. 
Now if such causes can so affect the barometer in this part 
of the world, may we not infer that wherever that instru- 
ment is similarly affected, causes similar in their nature may 
possibly have produced the results? 

In the British Islands there are extensive fluctuations of 
the barometer, and to those islands vapour is taken in great 
abundance from the West Indies and the Atlantic, and a con- 
siderable portion of it is there condensed into rain. There 
is, indeed, occasionally the same kind of boiling up and over- 
flowing of the atmosphere from the condensation of vapour 
over the British Islands, as that which takes place at the 
southern extremity of America, and with the same kind, 
though not amount, of effect on the barometer. 

But there are also localities of condensation where that 
condensation is great, and yet where equally great alterations 
of the barometer are not produced, and how is this to be 
accounted for ? The western coast of Hindoostan, and South 
America, near the source of the Amazon, have, no doubt, 
greater amounts of condensation than either Cape Horn or 
the British Islands, yet they do not ordinarily experience as 
great fluctuations of the barometer. For this difference of 
results in different places, where similar causes seem to be in 
operation, the following reasons may be suggested. Within 
the tropics otdittary condensation of vapour is generally con- 
siderable in its aggregate amount, though proceeding slowly. 



and a ^onseqtteiii^ of mtuA he, that the whole of the 
atmosphere will be there, heated by condensation^ up to a 
considerable height^ and over a large area. It will^ however, 
not only be heated, but raised to a greater height than in 
other parts, and by its superior height make *up for its 
inferior density. And in any particular locality of conden- 
sation in such an atmosphere, an ascending current of 
warmed air may not rise as suddenly, nor aS readily flow 
over at the top, or in a high part, as it would in a colder 
latitude, seeing that the whole atmosphere is there warmed, 
and raised to a greater height. If this view is correct, 
even local condensation within the tropics will result in 
contributing, in a greater degree, to the general overflow 
8f the tropical air, than in any particular overflow in the 
locality which shall affect the atmospheric column at the 
surface of the earth. 

When condensation takes place near the surface of the 
globe, the whole effect of the removal of a part of the* 
incumbent air is experienced near the surface within a 
small area, and each and every part of that area is mate- 
rially affected; but when the condensation occurs at a 
greater elevation, the effect of the removal of the same 
quantity of air is spread over a larger area, and the sur- 
face, in every part of that area, is less affected. The 
alteration in the pressure of air on the mefeury in the 
barometer will, therefore, be proportioned, not to the 
amount of condensation .alone, but also to the extent 
of area over which the lightening effect of that condensa- 
tion is spread. 

Again, when condensation takes place contiguous to the 
surface, nearly the whole atmospheric column is affected by 
the heating, and the lower and denser part is raised; but 
when that condensation occurs at a considerable height, the 
denser ’ part of the atmosphere is not expanded by the 
heat, but that expanden is conRned to the rarer part above* 
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d^iil4ty of the atmosphere at the surface of 

earth shall he expressed by 1.00000 

then at^ the height of SfiOO feet it -will be as. . . .8S656 
at ^ 10,000 feet as.*. .68321 

at ' « lAOQOfeet as... .66472 

eo that at the last named bei|^^ ,tbe density is not much more 
than one-half of that of the surface. Condensation at the 
height of 6,000 feet would expand air of more than three- 
fourths of the density of tha^ at the surface, whilst the same 
amount of condensation at the height of 16,000 feet would 
have air of little more than half the surface density to act 
upon. It will follow from this statement that, with an equal 
amount of condensation, the barometer will be less affected 
in the tropical regions than in the colder latitudes, from two 
causes — first, from the superior height at which that con- 
densation takes place, spreading the reduction of otmospheric 
pressure over a larger area, and, secondly, through the con- 
densation taking place in more attenuated air. 

Suppose condensation to some given extent to take place 
over London, at a height of say 3,000 feet, and that the con- 
sequent increased elasticity of the air at that height should 
throw off a part of the column of air that rested on London. 
As the comparative vacuum was formed at a height of only 
3,T300 feet, it is evident that the reduction of atmospheric 
pressure on*London would be more than it would be if the 
same amount of condensation took place at a height of say 
6,000 feet. In the former case the whole effect might be 
confined to London, and a barometer placed in any part of it 
would fall considerably, whilst, in the latter case, the same 
amount of reduction of pressure would be extended over a 
wide area, and each part of the surface within that area 
would be but slightly affected by it. Now we have only to 
conceive that at Bombay, or at any otl^r part within the 
tropics, condensation generally takes plac^ at the height of 
6,000 or 9,000 feet, whilst at London it occurs at a height 



ExpANflioSP dF Aia by Hbat. 115 

of 3^000 feet^ to acealint fbr the different effects on the 
barometer of the same amount of condensation in various 
latitudes. Were it not for the larger amount of condensation 
that takes place within the tropics, and parts lidded tropical 
inilaenees, the effects on the barometer would probably be 
scarcely traceable in those parts. 

An increase in the temperature of a limited portion of the 
atmosphere of one degree causes it to occupy, under ordinary 
circumstances, a four hundred arid eightieth part more space ; 
the remaining weight in the original space will consequently 
be less by a four hundred and eightieth part. A sudden 
increase of temperature of one degree, in any particular 
locality, in the atmosphere, would, therefore, reduce the 
weight of the air in the part to the extent named : and the 
mercury of a barometer placed in the part would exhibit a fall 
to a corresponding extent. A greater increase of temperature 
would of course have a proportionally greater effect. The fol- 
lowing table shews what would be the reduction in the weight 
of the atmosphere, and the consequent fall of the barometer, 
if a limited extent of that atmosphere had its whole column 
suddenly heated to the degrees named : — 


Increase of 
Temperature. 

• 

Proportional reduction of 
weight of the Atmosphere. 

Fall of the Barometer. 

1® 

a 480th part 

^ of an inch. 

2° 

a 240th “ 

i of an inch. 

4° 

a 120th “ 

} of an inch. 

go 

a 60th “ 

i of an inch. 

16° 

a 80th “ 

1 inch. 

32° 

a 15th “ 

^ inches. 

48° 

, a 10th “ 

3 inches. 


From this table we see that an increase in the temperature 
of the whole column of the atmosphere, within a particular 
locality, of only 4®^, would be sufficient to lower the baro- 
meter to the full extent that it ordiriarily ranges within 
tropics. But if only a part of the atmospheric coliimri'^Kas 
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its temperature increased, then a greater increase, in that 
part, would be necessaiy to cause such a reduction in weight 
as is pointed out in the table. To produce a fall of three 
inches of mercury, the temperature -of the whole column 
tsfonsl be raised 48”. There are places in tbs world, as in 
ia.Sibetta, wb«Mt,tlw4|MnpMdwtni» isaoiae^i^as low 
£(««ia9t mpour 

where dm tMhpirWhH^^^ 

j^tnre^might be nised in, slid fsr aottto tins the 

freesing pmnt, and oi course be raised cmtmmon 

of vapour into water might raise the temperstnre to or even 
above the breezing p<ant; and if the metreme cdld the part 
diould so<« cool down some of the particles of water, and 
convert them into snow, the congelation would give out fresh 
heat, which migb^ for some time, keep the temperature up 
to 82°, Here, then, would be a local difference of tempera- 
ture, not of 48”, as is shewn by the table to be required to 
lower the barometer three inches, but of 90®. "We are not, 
however, to suppose that the whole column would ever be 
thus warmed, but the part where cemdensation forms a cloud 
might exhibit a rise of full 90® of temperature above that of 
the air in the neighbouring p8{ts at the same altitude. 

It has been shewn that the upper parts of the aWnosphere 
in the temperate regions are not as regularly and abundantly 
supplied with heat, by the condensation of vapour, as those 
of the tropical regions, and, therefore, the upper parts of 
the temperate regions will more nearly take the temperature 
due to the latitude and elevation altme: cmidwasation will, 
consequently, there take place at a lower elevatina, and the 
reduction of atmospheric pressure, whi(dt *lMloWs condensa- 
tion, will be experienced in the locality at thw surface of the 
esMh, m any particular part of it, in a itrcatger de^^ee, whicli 
he^ebewn by the alterations of thw pmmttr. Mr. Haniell 
faya~-" jj^^^n the tropics tiie tiu«4iuttimni of tiie barometer 
do not much exceed a quarts of an inch, while beyond thi:. 



space, they reach to three inches.”* And Dr. J>alton says 
that “at Kendal the mean range, for five years, was 2 AS 
inches — the greatest range was ^.65 inches.” But all parts 
of the temperate regions will not be afiected alike in this 
respect. The correnta flowing from the tropics, which are 
foond in those temperate, cany with them tropical 
in fl n ene w , 

aceonUag. the traces, be 

thewe sdoepeest . ^ briber n^ons of ' 

atmoiflieie in ^ aoi^weft corrent at the AUapdc, and of 
Westnn Enrope, will be wanned by the influence of ascend- 
ing vapour to a greater extent than will be found over tiie 
northern parts of the continents of Asia and America: and 
with equal amounts of condensation, at any one time, the 
fluctnarions of the barometer will be greater in the latter- 
than in the former parts. * The same reasoning will equally 
apply to all the other return tropical currents. This tropical 
influence will also be the greatest at that period of the year 
when the most abundant supply of vapour is obtained from 
the tropics.. It will thus be found that, should condensation 
at soiiie particular period take place over the northern part 
of the ^ntinent of Asia, or of America, to an extent equal 
to tbatwhich is going on in the same latitude in the return 
tropical current, it will produce a greater effect in the former 
than in the latter part, on a barometer placed on the surface 
of the earth, because in the former case the condensation will 
be effected at a lower level. Accounts given by Dr. Dalton 
are in accordance with these views. The Doctor says — “ In 
the temperate zones the range and fluctuations of the baro- 
meter are always greater in winter than in summer;" and that 
“ tbs barometrical range is greater in Horth America than 
in Europe, in t|e same latitude.” The height at which 
condenmrion tildes place in different seasons and latitudes 
may be coajcctoted from the heights at which clouds form. 
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Dr. Dalton, represents their under sides as being below 
1,800 yards in winter and S,000 yards in summer. Clouds 
are represented by Humboldt to be much higher in tropical 
America than in Europe, and they probably are generally so 
in all parts of the tropics. 

The mean height of the barometer, in a cool latitude, is 
lower in a region of great condensation than in a dry region, 
other circumstances being alike, because in the former the 
whole atmosphere is, to some extent, heated, expanded, and 
a portion made to flow over to adjoining regions, thus making 
the ^hole remidning porUon of less weight titan befme; in 
00 i^^:t^anp Mo aadii.gwaxl bmtia0 ta^ tmdl tiie 
left eodt, settiM at ifi &11 

the baremetor falls and riSea over extentive'er^ at tiie 
ifatme time, in so similar a manner, as to indicate tiiat some 
cmnaapo cause aflTects the weight of the atmoafAere tinmt^- 
ent-the whole of the area; because whenever E broad current 
ctf air, highly charged with vapour, flows to a considerable 
distance, condensation may take place, and the pressure of 
the atmosphere be reduced, at the same time, over the whole 
ared of the current. The atmospheric current that flows over 
the west coast of Europe is broad, and it extends from America 
Switz&tUmd, and in that range wejaaybare such an 
overflow ei the wanned air as aball reduce the we%fat of the 
aimial maaa tbrougbout the whole of its mctent at or about the 
smae time. It is not necessary that tins tiiould be the ii^ect 
e£ aanf^e swelling produced by condensation aa large as the 
aaea, but it may be any number of amaller ohea, ahd'tifey'may 
ran into each other, and the whole May hawe a jlclat dflfeet on 
lilia^hainmeter, tboi^h the influence' of |iltiah!iv local 
ahatititkai may be traceable. The upper iptVt df tiie atmo- 
fn thia locality, in the antumti dillui’ b^ljhining of 
wilBial^tiii^^be eoneeived to rise and%taw9Mi^^ the waatward 
oW.'llorth^'AiniMie^ end to tite"aaatMi^^''Norti£aiii Asia, 
fhilha aummer the overjliHviiDa^bi ihmin to the math, as it 
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is presumed tliat the descent of the warmed air will always 
be ill that direction in which the coldest, and, consequently, 
the shallowest atmosphere exists. Cape Horn is a locality of 
great condensation, surrounded, at some certain distance, by 
air of a temperature and density due to the latitude alone; 
now, on heat being liberated by condensation about Cape 
Horn, the air will boil up and overflow, and less than the 
average weiglit will be left to press on the surface of that 
part of the globe. And the supply of vapour being suffi- 
ciently constant to cause the boiling up and overflowing to 
continue, this inferiority in quantity and weight of air in 
thfi.jHirt piay contioue, and barometer may} through «U 

l^oiittre.- r- 1^ Ihat the baroaiotw dball M 

sionally lOw wlnfn the weather is fine,' if it be placed in thd 
centre of a large area of condensation, where the rain pro- 
duced is poured outward, on all sides, from the centre. It is 
indeed evident that there may be neither clouds nor rain in 
the centre of such an area as that described, when condensa- 
tion has continued for some time, as no supply of vapour 
may reach tliat part, all having been intercepted in the outer 
portions of the area. 

In other localities we find a current of air cool and dry for 
the latitude, and consequently almost without condensation. 
In these we may expect to have the full weight and pressme 
of the air, and the barometer to range accordingly. Such 
localities appear to exist about the Cape of Good Hope and 
Valparaiso. Thnse places may even have the barometer 
standing above the general mean height, as they are so 
situated as to be likely to receive an overflow of air from 
neighbouring regions of condonsaUon which has been cooled 
in its descent. The Cape of Good Hope is placed in the 
great southnsast tnirrent which is passing towards the tropical 
regions, and may possibly, receive mi overflow from the refmm 
current, which, proceeding ftom the southern tropio^ blowi 





iJe'^-jarwume, 

fjV'foU quantity of air, and may also raniTO an ovttiit>iir Irom 
&e r^jioo of ccmdensation south of it, and may, eonsO^itetly, 
have a l^h barometer. - It ia very Kkedy tiut in all’ regions 
of cojHOUs and continued condensation, particularly in high 
ktteiide%''‘tite si»tn o£ the barometer ^11- he found lour; and 
j^^WhOre tile air is generally both cool and dry, it will 
hf . i$ohApaiatively high, the disturbing and :l%h£^ii^ Muses 
b^ng, in some places, ‘such "M-'CapO Hom^ sO'^Conslatit as 
to produce ti>at’ departure of ‘afoS^ 

prMsm» 'fo ’ int alwQ^leB^; If tiih View is cacrect, 

all •agifeK'.<foifofita> proeeedin^ from c^er Teg|ena>Howards 
foipMiii(lfofol>i.afid containing but little 
jllllll^^SdB-^'ltave a barometer which 

range coniparatively high, whilst -aH-^^ifoiNIVitfta in which 
l|li|j|l>Sati<m is taking place freely barometer 

eObffMdVrtively low. 

'^I^f^ 'lbllowiitg obsetntions, b3r''€l^^ij|i^'Fe8ter, bl^a 
this sufc^t. ' 
ipp^'baiOmOter 

-feO’SO.^' idtiiii' Otafo- being 

' baVcmetM^^^l^^ than in 

summer. The average difference between the atmospheric 
pressure of Cape Horn and the Cape of Good H(^e is nearly 
one inch of the barometer. At Yalpar^so, on‘ tire coast of 
li, the' barometer stands equally high as at the Cape of 


Are there not (says Captidu 


j|titiint^.an-we9-'*ifi|<r^'t^ 


feA -"Af 
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ramnmg foani inch 
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an incb and a half. AgaiB^ io ibe cbolar latitadea^ from 40* 
to 60* and Ufmarda, ^bere is an unequal and ^actuating 
range, Ibe |ne8n presanre being below 30, and about 'SO. 8, 
with a wida^«ange from S8.1 to 30.8, being 2i inches.” 
“ In Uie Isknd of Ascension, the barometer never rises 
above 80.1, nor falls below ^.8 — the mean for the- whole 
year is 20*06.” 

Mr. Daniell says — “ As we advance towards the polar regions 
we find the irregularities of the wind increased, and storms 
and calms alternate without warning or progression ;” and he 
goes on to say of these regions, quoting from Scoresby, that 
“ the CTtremes of heat and cold will sometimes prevail within 
a very limited compass, and forcible winds will blow in one 
place, when at a distance of a few leagues gentle breezes 
prevail. Ships, within the circle of the horizon, may be 
seen enduring every variety of wind and weather at the same 
moment; some under close-reefed topsails, labouring under 
t^ force of a storm, — some becalmed and tossing about by 
the violence of the waves, — and others plying under gentle 
breezes, as diverse as the cardinal points. The fiuctuations 
of the barometer are also great and sudden." The causes 
which produce ascending aerial currents must, in the regions 
here described, act in an isolated manner on small extents 
of surface, as they produce such difierent results within so 
small an area; but the fiuctuations of the barometer shew 
that those causes greatly altered the weight of the atmosphere 
within small distances. 

In the very cold polar regions but little vapour exists in 
the atmosphere. The t^ater, too, is generally covered with 
ice, which obstructs evaporation. But there are occasionally 
holes and u|lening8 in the ice, and in these situations evapora- 
tion takes ^blce freely. The temperature of the air being 
say 70*,b<||^ ||%e 2 ppg, not very, uncommon ;in these parts jn 
the middle; of, jWiabnr,; (be probability is that the dew-point, r 
would be stili Ip'srer... Now on water of 32?, in the openii^, 
Q 
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of ice> being exposed to air, with a dew>point of say 
70** below freeaing, evaporation would take pkce about equal 
to that which would arise from water of UO* in air with a 
dew-point of 40% which is often the state of our atmosphere 
in this part of the world in cool weather. And we know 
that much vapour rises from water 110^ in such weather. 
Vapour would, therefore, spring freely from the water, taking 
with it a part of the heat which the water contained.' But 
in such a cold atmosphere as that under consideratioh, this 
vapour would be almost immediately condensed, and made to 
give out its heat to the air; and the air, thus heated, would 
rise ; and this process of evaporation and condensation being 
continued, an ascending current of comparatively warm air 
must be formed, commencing from a level near the surface. 

With a temperature of 70° below freezing, when evapora- 
tion t^es place from the surface of water, and vapour passes 
into the air, not only does condensation of the vapour soon 
follow, but congelation also of the particles of water produ^d 
by the condensation. There is, therefore, a double liberation 
of heat — first that which was latent in the vapour, and next 
that which was latent in the water ; and both these quantities 
of heat are given out to the air and warm it : and this double 
process takes place whereVer cloud, and snow or hail are both 
formed in the air. Now in such an atmosphere, suppose a 
considerable area of water of 32° to be suddenly exposed by 
the removal of ice, and the following phenomena, it would 
aj^pear, must occur. First, vapour would spring freely from 
the surfrce of the water into the air, where a pert of it would 
'he almost immediately conden^ and its heAt'Mbmcated, pro- 
tiie commencement of an aiihihd, etment. 

eurr^t would tdke the bsge- 

the particles o£ water, tihme ^resb 

'take be 
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height^ be condensed and form a cloud. At a certain stage in the 
process the great cold of the part would freeze the small particles 
of water which constituted the cloud, and convert them into 
snow, thus furnishing more heat to. feed the ascending current, 
which would, consequently, rise rapidly, and expand over the 
neighbouring regions of the cold and dense, and therefore 
low, atmosphere, leaving a smaller weight of air to press on 
the surface of the earth, in the particular part where the 
condensation and congelation had taken place. A barometer 
placed in this particular part would shew evidence of greatly 
diminished pressure, because the base of the heated air, which 
produced the ascending current, was near the surface of the 
earth where the barometer was placed. 

In parts of the polar regions where the temperature is 
much below freezing at the surface of the earth, clouds are 
occasionally seen. These clouds may be formed from vapour 
brought from warmer regions by an upper current, or from 
other vapour, the product of recent evaporation in the part. 
But from whatever quarter the vapour may come, the libera- 
tion of its heat, by condensation, will tend to raise the tempe- 
mture of the part of the atmosphere where the condensation 
takes place, as high as, or even higher than 32^, and the 
buoyancy of the part, and the rapidity of the ascending 
current, will be proportioned to the dijQPerence of temperature 
between the cloud and the cold air adjoining of the same 
altitude. Now, on some particles of water in a cloud being 
converted into snow, the latent heat would become sensible, 
and the intermixture of the snow and the remaining particles 
of water would ho disposed to take the temperature of 32"^, 
fm* Iho imme that snow or ice put into water would 

caufo to temperature. Consequently, 

when snow of a lower temperature than 82.^ falls to the earth, 
that lowers tompmture may have heen acquired, not in the 
part to^ place, but in some other part 

thd^gh anow adbieauentl v passed. However 
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therefo])?, H may bo atidia.«Qsfece«f the earth where snow is 
falling, we may condade tha^ iQ the part of the atmosphere 
where it was formed, the temperature at tbe tune of its 
formation was not lower tb&n S2^, It follows from this that 
a great formation of snow, in a very cold, part, must give 
considerable buoyancy to the atmosphere in the part where 
it is formed, and must cause a local rise and overflow ; and, 
the buoyancy commencing near the surface of the globe, 
would be attended by a connderable fall of the barometer 
in the locality. 

Captain Parry has various passages descriptive of what takes 
place in the polar regions. He says-— “While the atmosphere 
near the ships was so serene and undisturhed, that the smoke 
rose quite perpendicularly, we saw the snow-drift on the hills, 
at one or two miles distant, whirled up into the air in columns 
several hundred feet high, and carried along by the wind 
sometimes to the north, and at other times in the opposite 
direction.”* The Captain does not say what produced this 
ascending current ; but if a barometer bad been placed under 
it, it is probable that the mercury of that barometer would 
have suddenly fallen, while another near the ships might not 
have been affected. In another part he says— “When any 
great extent of water is seen, the frost smoke, of course, is 
very much increased, and entirely bides the horizon from the 
view, seldom, however, rising above 2” in altitude, and pre- 
senp'ng, by its dusky grey cloude, a flne fml to the matchlets 
blue of the sky in frosty weatber<”f Here the intense cdid 
in the part soon converted the vapour which arose into minute 
particles of water, and formed cloud, but tha dbofl Itself was, 
by the same cold, frozen before it could reacbimy cmMudcrablc 

height, fba following psasago will ahow th# of aueb 
The depmUoa ^ i bare 

obsemd .as almost fdways gdng r^ns in the 

winter, took tbianveinng in thick 
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as to oblige us to com toe instniradib with which we were 
observing, though the stars \rore plainly visible all toe time, 
and the n%htww in every other respect what would gmierally 
be called clear."* 

Hail cannot he tomed in such a climate, Jbecauee the watery 
particles constituting cloud cannot be carried sufficiently high 
to enable large drops of water to form before congelation 
commences. The fact of the non-formation of bail in cold 
climates had been noticed by Dalton, who observes that ** it 
scarce ever hails in latitudes higher than 60^.” And he says, 
in another part, that ‘‘ in winter, during^a frost, if it begins 
to snow, the temperature of the air generally rises to#". and 
continues there whilst the snow falls.” f 

From other facts observed in the cold regions named it 
would appear that the air, wanned by the condensation of 
vapour in the higher part of the atmosphere, frequently 
descends to the lower region at some distance from the place 
of its ascent ; hence, perhaps, the thaw which often succeeds 
to a fall of snow in our temperate climate. In the polar 
regions the great change which must be produced in the 
temperature of the higher parts of the atmosphere by con- 
densation, causes that change to be felt in the lower part in a 
more sensible degree than in warmer latitudes. This change 
is noticed by navigators when speaking of the rise of tempe- 
rature which accompanies a wind. In Parry’s first voyage to 
discover a north-west passage, in 1819, we have the following 
statement:—'* From midnight on the i39thi till two o’clock on 
too foUowiqg morning, toe thermometer rose from — 46° to 
—401°, and at half-]^t.tore^ gale came on from the north- 
ward, which continued to hlw and the thermometer to rise 
till the Iftttor ktd reaolied at midnight This was one 
of a great many inttutcea whisht ocenxred dnrii^ the winter 
of an inmaiMW wtod, topm whatever quarter, being accom- 
panied by toottoeunometerl” | 

* Oi^ttia Vmf, ftt. fa. lea t Dattoa, p. 188. 

t fmr, p. 198. 
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tibe 14& (Febntiuy) till half-past 
llml JW '&e fijUowuif tnoniing, 'being an interval of 15| 
Ifebniy daring which time the weather was deer mid nearly 
cii}tn, a thermometer, fixed on a pole, between ,tbe ships and 
^e'shore, never rose above — 54*^, and was once daring that 
interval, namely, at six in the morning, as low as — 55°. 

Jotr temperature might perhaps have continued lauch 
Jonger, but for a %ht breeze which sprang up from the north- 
ward, immediately on which the thermometer rose to — 40°, 
and continued still to rise durii^ the day, till at midnight it 
had reached — 34°.”f 

In a lUion so intensely cold as this was, any considerable 
amount of condensation must have greatly raised the tem- 
perature in the part where it took place, and must have 
produced an ascending current. Yet .the first effect of the 
ascending current on the adjoining lower air must have been 
to cause it to expand, and, therefore, to become somewhat 
colder. But as the thermometer showed that the wind 
became warmer, it is reasonable to infer that warmed air had 
in some way come down to the surface of the earth, for from 
what other quarter could it have come? And it is not 
improbable that portions of the atmosphere, under such 
circumstances, may take a form approximating to that of a 
vertical wheel, ascending in one part and descending in 
another/ at some distance from which other part the descended 
warm air may flow towards the ascending vortex, and consti- 
tute a warm wind. But as the wind thus warmed would bo 
dry, it could not continue to furnish the ascending current 
with vajpour, and, therefore, the^j^rocess 4Wld Mon cease. 

From these facts and reasonings it appeasR that the greatest 
tifctqatiims of the barometer must atiae iTOia the partial 
iMtilbg of a portion of the atme^pbece wlw|e It it colti and 
lAtilawi W then the heated air and imrfiow 

to a^oiitiag |N^, and the iWfatmti dfR part of 
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the heated edantii is tic^eneed at ab amall a' diatance from 
the surfaaa of ,d>a earth as to cause it to be confined to a small 
area, witldn wbiah area the atmospheric pressare is materially 
diminished, and the mercurial column sinks. In the tem- 
perate regions, and more particularly in the warm and moist 
parts, the base of the column of heated air will be at a greater 
distance from the surfaJse of the earth, and the effect of any 
overflow will be extended over a wider area, whilst it will be 
less in each particular part. Within the tropics, and in parts 
with moist tropical climates, the base of the heated air will, 
be still higher, and among more attenuated air, the range of 
the effect wider, and the influence will be found less on each 
separate part of the surface. And thus, the amount of con- 
densation of vapour being the same, the more extensive the 
area affected the smaller will be the reduction of atmospheric 
pressure within it, and the less the fall of the barometer at 
any one point. 


TAe Semi-Diurnal Oscillations of the Barometer. 

We now come to consider the causes of those semi-diurnal 
oscillations of the barometer which have excited so much 
attention in many parts of the world, and which have hitherto 
defied all attempts to explain them. Contrary to what is 
experienced in the irregular fluctuations, these semi-diurnal 
oscillations are the greatest in tropical parts, and diminish 
considerably in the temperate r^ons; whilst they are, 
probably, extremely small near the poles. 

In the ninth volume of the proceedings of the British Asso- 
ciation for the Advancement of Science, is a report from 
Mr. W. Si Hmint, on 26,280 hourly, observations of the 
height of ;^e.]tmieu;i 7 in Plymouth, in thA 

years 1887, 1888, and J!rom this report it appeiirb, ' 
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‘thirt dwkig itbese yean, the mean daily pressure of the atmo- 
4^(1^ was <equal to £9.800 hiches of nerctny veiy nearly, 
sihidb is exhibited on a dii^ptem shewing the rangs and 
-MliUgs during the twenty-four hours. The times of rising 
'•nd falling are— 

Ist poiod, 6 houn, from 4 a.m. to 10 a.m. 

£nd period, 6 houn, from 10 a.m. to 4 p.h. 

period, 6 hours, from 4 p. M. to 10 p. h. 

4th period, 6 hours, from 10 p.m. to 4 a.m. 

* And the following is a table of the heights of the mercury at 
the four turning periods, namely, at 


Hours. 

4 A.l£. 

10 A.M. 

4 P.M. 

10 P.M. 

Inches. 

29.793 

29.806 

29.790 

29.810 


fn the diagram curve, given at the end,* representing the 
mean pressure, and the risings and fallings of the mercury, 
blether with the table of the heights of the four periods, it 
will be seen that the morning rise, from four o’clock, commences 
from a height of about £9.793 inches, and by ten o’clock 
reaches £9.806 inches. And the evening rise commences at 
' four o’clock, from a height of £9.790 inches, and by ten o'clock 
at night reaches £9.810 inches; so that the former rises .013 
and the latter .Q£0 of an inch. The fall from 10 a.m. to 
4 p.M. is from £9.806 inches to £9.790 indies, or .016; and 
ihait from 10 p.m. to 4 a. m. is from £9.810 to £9.793 inches, 
or .017. The greatest departures from mean pressure are in 
the £dl from 10 a.m. to 4 p.m., when tihe mercury sank to 
£9.790 inches, and in the rise from 4s t . w * to 10>.M. So 
riut the greatest disturbances took jdaee: from ten o’clock in 
||^ fOTonotm to ten o’clock at n^ht. 

. Bitrris speaks of eael| Imd as 

dtSer^Vn in the aUno^heiei but it is suffidently 
evideiit ahnosiiMe::|i^'^.tia^ the 
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attraction of gravitation, as no influence of the moon can be* 
traced in the times of their occurrence. That they are con- 
nected with the solar influence is indicated by the relation 
which they preserve to the daily apparent movement of the 
sun* etmosphere seems the 

mort probable: yet the temperature 

thf aur&ce of the earth, 

by the thermometeri is increaimd during the former part' of 
the day, and progressively dimtmsbed during the latter part, 
and the night, as may be seen in the thermometric curve in 
the diagram* This curve shews that the daily movement of 
temperature at the surface of the earth is as follows: — It begins 
to rise a little before the sun, increases until about one o’clock 
in the day, when it turns and declines; and continues falling 
until about five o’clock the next morning, — making but one 
rise of eight, and one fall of sixteen, in the twenty-four hours. 
From these facts it sufficiently appears that the two daily 
atmospheric tides or movements cannot be caused directly by 
the sun heating the surface of the earth. 

By comparing the height of the wet bulb thermometer, tlie 
curve of which is given in the diagram, with that of the 
ordinary dry bulb thermometer, we trace the effect of evapo- 
ration in cooling that instrument.. This evaporation also 
shews that vapour is then in the process of being formed from 
wet surfaces and thrown into the atmosphere ; whilst the 
dew-point curve, which is also given, exhibits the quantity of 
vapour existing in the atmosphere at the time. By tracing 
and comparing these facts, we. shall be enabled to see the 
nature and extent of the alterations that are going on ; first, 
from changes in the temperature, and, secondly, from altera- 
tions in the quantities of vapour to be found in the atmosphere. 
And to do this we will divide the twenty-four hours into four 
periods, corresponding with the oscillations, as No. 1, 2, 3, 
and third diewing the two risings, and the 

secorfd and the two fallings of the barometer. 
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Rise of the Barometer. 


During the first period^ from 4 to 10 a.m., the thermometer 
riseg 6®, which expresses the rise of the temperature near the 
surface of the earth, whilst the wet bulb thermometer rises 
only 4^, shewing that evaporation had become more energetic: 
and the result of that greater energy of evaporation is seen in 
rise of the dew-point about throi^h the additional 
vapour thus thrown into the atmo^here^ NoW| tlie:teiidbn€y 
'iSi the increase in the teitapenture, winch took 
this periodi wi» to make the atmosphere %hter^vaM^ 
cause the barometer to fall ; but the additional vapoQr> which 
had been produced by evaporation, had the opposite tend^eyi 
as the increase in the pressure of the vapour agiunst the 
mercuiy would tend to make the whole atmosphere heavier, 
and the barometer to rise. A local increase in the tempe- 
rature of the atmospheric column of 6^ would produce a 
fall of say .375, whilst the additional vapour furnished, as 
marked by a rise of 2® of the dew-point, would cause a rise 
of the mercury of say .024,^ But we see that the barometer 
during the titne rises .013, so that all the influence of the 
higher surface temperature is apparently expended in counter- 
acting the rise of the barometer .011. From these facts it 
becomes evident that that increase of temperature, which is 
marked by a thermometer placed near the surface of the 
earth, produces but a small effect on the pressure of the 
atmosphere, as was indeed shewn when treating on the influ- 
ence of surface temperature in producing sea bi^ezes. 

From 10 a.m. the mercury begins to fall, and continues 
falling during the second period, that is, till 4 F.M.; and vve 

* The forces of vaponr, as given in DaniciU tables, at tbe dew-points exiiibited 
in the eurtei are as follows, viz. i 
at 44^ ^ . S28 of an itteh of insiea^ 

« 450 --.‘.340 « « 

« 46 ^— .862 « « 

«* 470 .804 H U 

thus shewing ihat a Hse of iho detv-point inchnto the three of atim^heric 

vapoor .012 within this mg^i^ihe dew-point, v 



Fall of the Barometer. 
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have now to ascertain what are the alterations which occur in 
the surface temj)erature, and in the quantity of vapour thrown 
into the atmospliere, by evaporation, during this period. It is, 
however, desirable that we' should divide it into two parts — 
one from 10 a.m. to 1 p.m., and the other from 1 to 4 p.m., 
in order that we may we more distinctly the alterations that 
take^place. 

<me ^ saefaoe tempemtute ziseE iiea|^;ff, 

taltes 


tehi to eterea o'elodkt but the barometer, instead of oon- 
tinuing to rise, as it did from 4 to 10 a.m., when the same 
two causes were in operation, now falls; and during these 
three bour| falls say .010 of an inch of mercury. Thus the 
direction of the influence of the two causes in operation is 
now reversed; for, from four to ten, the rise of surface 
temperature 6 ° counteracted, to a small extent, the pressure 
of the additional vapour, but from ten to one, when the rise 
is less than 2 °, it seems fully to counteract that pressure, and 
also to lighten the mass of the atmosphere enough to cause 
the mercury to fall .010. 

From 1 to 4 F. m. the air cools, as the surface temperature 
falls, and the dew-point remains unaltered; we ought, there- 
fore, to And the cooled air produce its full natural effect on 
the barometer in making it rise ; for now, as the dew-point 
remains stationary, there is no cause in operation, yet adverted 
to, but the cooling of the air, which ought to make the mer- 
cury rise, but, instead of rising, it falls say .006; shewing 
that the causes hitherto traced as being in operation, are 
insufficient to account for the effect produced. 

But let us take thevwbole of the second period, and trace 
the natural results of the alterations in the surface tempera- 
ture, and the change of the dew-points, and compare those 
results with the actual movements of the mercury in the baro- 
meter. Filfi; then, we observe; that the surface temperature . 
at the end of this period was the same as at the beginning, 
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letts than 1% M^eh i^innU 
E^t^'lue instead of a fall of ths baro^tetos^ th» &U} tihue* 
fd^, cannot be attributed to Hoy altezatim of eltbw aui&ce 
tempentore or of the quantity (dT vapour in the atmosphere, 
and we have to discover the real cause that produces the fidl 
during this period. 

The rise of the oarometer during the first period, we will 
presume, is attributable to the additional vapour thrown into 
rile atmosphere by evaporation, as that is an adequate cause 
for the production of such a rise. But there is reason to 
believe that this evaporation continued during the second 
period, as the difference between the temperature marked by 
the wet bulb and that marked by the dry bulb thermometer 
proves that that evaporation was then goug on. Indeed 
evaporation must evidently have been more active and ener- 
getic at this time than it was in the previous period, as it will 
be seen, by the diagram, that the wet bulb thermometer was 
cooled down by evaporation to a greater distance below the tem- 
pmature marked by the dry thermometer than it had been pre- 
viously, and, consequently, much additional vapour most have 
been thrown into the aribosphere. But why, then, was the 
weight of the atmosphere, as measured by the barometer, not 
iqereased by this additional vapour? or, rather, why did the 
barometm fall instead of rising? It could not be any altera- 
tion of surface temperature that caused rim &il of the baro- 
meter, because we have seen that that was the some at 4 p.m. 
riudi It bad been at 10 a.m. ; and the necessary effect of the 
we^bt of the. additional vapour riiat had evaporated, and 
passed into the air, must have been to produce a rise. Thus, 

. riiese two causes tended to produce the opposite efiTimt to tiial 
which occurred, and there must, consequently, be some other 
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cause smigbti to aeeonnt for the effikst produced ou the baro- 

atmo- 

beio^tii^y wMeh i£w'i'wflr.''ieiw^^t6‘'iNi(^^ the 

ineuBMe of sdrftee tempexatuM; ai^ the general (resv^ti' by 
10 AUV4 war such a rise aa has been shewn; But at 10 a. m. 
vaponr continiied to rise through the increase of temperatare) 
although it disappeared, as we do not trace -its existence in a 
further rise of the dew-point. But what became of it? It, 
no doubt, became condensed into small particles of water, and 
formed a floating or ascending cloud: and from 10 a.m. to 
4 P.M., that, is, during the whole of the second period, the 
vapour produced by evaporation was condensed into. cloud, 
and thus was prevented from appearing in a higher dew-point. 
By carefully observing all the facts presented to us, first, in 
the temperatiile of the ordinary thermometer — secondly, in 
the state of the wet bulb thermometer — and, thirdly, in the 
stationary condition of the dew-point, it becomes sufficiently 
evident that vapour must have been freely produced during 
this period, and also that it must have been condensed and 
formed into cloud. The process here described may be seen 
in many parts, taking place with considerable regularity, 
cumulous clouds beginning to form about 10 a.h. and in- 
creasing till about 4 f.m., when the process generally ceases. 
Now the effect on the barometer of this additional portion 
of vapour thus thrown into the atmosphere, , and remaining 
there, whether as an invisible fluid, the existence and amount 
of which was indicated by a higher dew-point, or as a cloud 
which remained suspended in the atmosphere, and added to 
its weight, must have been to increase the aggregate weight 
of the whole atmosphere ^pre^ing on the mercury of the 
barometer, , and to cause it to ism, Yet we have seen that, 
dum)g‘ this same tune, the naevoury, instead of rising, feU,*>- 
and the' ^l Was- .Oli^; we ihifm^’^tiisMfore, to seek fta the. 




m 


Sqbfaob Tbmpebatobe. 


Ml tf.tlie barometer io awn* other operation 
DtEiPtlier opeisation |^««identl;i miB of whidt 

^|tiii|!oiBBtlbiebhad beconm n>. ' i ' \p 

'i't’By referring to pages IS and IIS, U be eMui riiit 
the atmosphere maj be heated, by the eoodeiuarifHtel S«^wv 
sufficiently to cause a material altmrarion m its. wright’ and 
pressure. If the condensation should W great enough to 
produce rain, it may cause the barometer to fall to a eon* 
siderable extent, and that fall may continue' beyond the 
regular daily period, as has been shewn when treating of 
the irr^ular movements of the barometer. But if the con- 
densation be only the ordinary daily result of the sun heating 
the surface, arid causing the lower part of the atmosphere to 
rise^ until the greater cold of the higher portion condenses 
some of the vapour that it contains, and foriis cloud, then 
the fall of the barometer will measure the effect of that 
formation of cloud which is consequent <hi. surface heating 
by the sun. If this view is correct^ the surface heating, as 
riiewn by the thermometer, acts only,- as an agent to raise 
vapour to a sufficient height to produce condensation, and 
the heat liberated by the condensation of the vapour is that 
which really makes the atmosphere light, and causes the 
barometer to fall. This view exhibits to. us the causes of 
^ 8emi«diamal oscillations of the barometer, as not only in 
accordance wit^ its alterations, as far as we have traced them, 
namely, from 4 a. m. to 4 p. m., but also as in barmony with 
the more extensive irregular fluctuations of that instrument 
as. alrea^. explained; whereas, by supposing the Mtmi-diuntal 
. to arise from alt^ations of surface -totBperature, and 
(ff Ao .qtientities of vapour in the atmoi|phere, we auppose 
eautos to^.ebtermiae them which are .quite ' insufficient, and 
vrfaieh arouM»t:palpa1% inadequate todeeount for the^ftcater 
and more irregular fluctuations of the barometer.. . 
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We bow reacli the .third period, from 4 to 10 p.m., when 
the mercury rises. ' And, by comparing the curve of the dry 

'til he seen -that, 
a^ieef Md the 
y ef'vHpoup 
it the eorfee^^iM p«fer- 

enee^ tiMre^iRe, to the vapour . pressing toe mercuty^ we 

ouj^t now to have a iail of toe barometer, fiat toe baro- 
metor does not fall ; — on toe contrary, it rises .OSO, being 
conriderably more than equal to its fall during the previous 
period of six hours. It is true the thermometer shews that 
the surface temperature fell at the same time from 54*^ to 
48.5°; but if alteration of surface temperature influenced 
the previous movements so little, as it has been shewn it 
did, we cannot suppose that it would produce so great an 
eflect as a rise of .the barometer of .020 during these -six 
hours. Sut then what can be the cause which thus coun- 
teracts the natural result of a reduction of the pressure of 
vapour on the barometer? Why, it may be presumed to 
be— evaporation of the cloud that had been previously foPmed; 
as that is not only adequate to produce all the effects, but it is 
a cause which, it may be shewn, must have been in operation 
at the time, and which, from the known laws of nature, must 
have produced an effect of the kind that was experienced. 

When condensation in the higher regions of the atmosphere 
ceased at 4 p. M. a largo mass of cloud was left floating there ; 
and, from the known laws of evaporation, this mass would 
then begin to dissolve, qnd cool the air in the part; for as 
condensation had previously heated, expanded, and pressed 
away a part of the atmospbere, and reduced its weight, so 
evaporation would now cool and contract it, and additional 
ah’ would flow from adjoining parts and make the whole mass 
in the leeality heavier, and cause the barometer to rise. The 
cold reli^r^ from eT{q>orarion of cloud would now increase 
the pressure of^toe atmosphere sufficiently, not only -to 


wito to^t of toe wet^lrolb' toeltoel»ater,' it w 
^ to* devM^Bt toew»vtodh^to* aihmtit 



-the effect of tii# xl^ticticsi' # pressaitt) m 

;^t6Mted by tlw fall of the d6w>poiiit| hot idao to cau^ tiM 
ib«aoinetra to;rue-.(^ of an foch.- And thua, it is conceiv^, 
the movement of. the barmn^r during the riiird period is 
accounted forj the cold resnlring from cloud evaporation being 
the operating cause. It shouldj however, be 'remembered 
that as the cloud cooled by evaporation, it, or the air cooled 
by it, would descend and occupy a lower level, and either the 
doud itself, or the mass of air with which it was intermingled, 
vrould reach the surface of the earth, and there spread itself 
into a thin strittuih ; as it is known the heaviest air in the 
part always becomes the lowest. This process causes the 
land, breeze that is experienced in so many parts of the 
world, where the atmosphere is sufficiently moist to produce 
the daily condensation and evaporation of vapour and cloud 
which create fluctuations of temperature and sea and land 
breezes. • 

By 10 p.M. the effects of cloud evaporation have been ex- 
perienced, and then we have the second diurnal fall, which 
amounts to about .017. To account for this fall we have 
only to look at the reduction in the quantity of vapour in the 
atmosphere by the formation of dew at the surface. The 
thermometer shews that the surface temperature was sinking 
at this lime, which, if it produced any effect, would have 
caused a rise of the barometer — we see, however, that it falls. 
But the dew-point sinks from 45®. 7 to 44®i2, which, by 
reducing the vapour pressure *018, jnroduces the fidl of the, 
barometer, and this fall continues qntil the approving sun, 
by raising the surface temperature, causes fresh evaporation, 
apd, from 4 to 10 A.M., produete# aiffit^iid^ '1^ 
jprbwure on the baotmieter, caueiM it agaih" ^ com- 

mettco'lts daily osdllatic^'. ■■ ' 

' Ihe aceotitits of the Blymouffi ol^Nsmticms.liave iriooe 
berii brought forward, becataie riiey are the 
hdve been publisfaedJ^ Iri^;«tdd|tl6a to riie’ 
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barometer and thermometer,, they give the registration of the 
wet bulb thermometer and of the dew-point ; and this fulness 
enables us to trace the production of vapour By evaporation 
in the first morning period, its condensation to form cloud 
during the second period, its subsequent evaporation in the 
afternoon, the reduction in the vapour pressure- during the 
night, and the effects of all these changes on the general 
atmospheric pressure. But there are accounts from other 
places which, although less full, ma^ be adverted to, in 
order to shew that the same causes produce similar effects 
in other parts, though those effects differ in degree from 
the changes at Plymouth. Mr. Harris gives tables of the 
semi-diurnal oscillations of the barometer at Madras and 
Poona, taken from accounts furnished by Colonel Sykes^ The 
following are these accounts tabulated with the Plymouth 
observations : — 


At 

Rise 

from 

i to 10 a. m. 

Fall 

from 

10 a.m. 
to 

4 P.M. 

Rise 

from 

4 to 10 P.M. 

Fall 

from 

10 P.M. 
to 

4 A.M. 

Plymouth 


.0166 

.0204 

.0171 

Madras 

.0470 

.0790 

.0630 

.0350 

Pooua 

,0445 

.1116 

.0884 

.0181 


From this table it will be seen that at Madras the vapour 
which, from the increase of temperature, it is presumed, rose 
in the morning period from four to ten, was sufficient to cause 
the barometer to rise .0470 of an inch of mercury; and as 
there is no doubt that vapour continued to rise with the rising 
temperature, and passed into the atmosphere at that place, 
such vapour would have caused a further rise of the baro- 
meter during the second period, namely, from ten to four, 
had there been no cause in operation to prevent it. But at 
Madras, w at Plymouth, about ten o’clock, a part .of the 
vapour, doubtless, was raised sufficiently to commence the 
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6f condensaticm and to form cloud; and the formation 
ot &ai cloud heated the air in the locality so much as, by 
four o^clock, to cause the barometer to sink ,0790 of an inch. 
And be it observed, too, that, at the end of this second 
period, it is apparent that at Madras, as at Plymouth, the 
surface temperature would be about the same as at • the 
beginning of it, and, therefore, the fall of the barometer 
could not be caused by an alteration of surface temperature. 
In like manner we may say that the dew-point would be 
stationary, as it was at Plymouth, whilst the additional 
vapour or cloud would tend to increase the weight of the 
whole atmosphere; but the heat liberated by condensation 
must have been sufficient to counteract the influence of 
this additional quantity of vapour, and to reduce the pres- 
sure of the atmosphere equal to ;070 of an inch of 
mercury. 

The rise during the third period at Madras, produced by the 
cold of cloud evaporation, was .0630, being less than the pre- 
vious fall from condensation, in that respect differing somewhat 
from the Plymouth oscillations. In the fourth period the fall 
of the mercury, from the presumed disappearance of a part of 
the atmospheric vapour in the formation of dew on the surface 
of the earth, was .0350. 

From an examinjition of that part of the table which relates 
to Poona, it will be seen that the great fall which occurred 
there, in the second period, and the rise in the third, indi- 
cate the condensation of a very large amount of vapour 
into cloud, and the subsequent evaporation of that cloud. 
Had we the wet and dry bulb thermometers, and the dew- 
point registered for this part, as they have been at Plymouth, 
we might trace their separate effects, as has been done for 
that {dace, and thus prove, more concluilively, that the 
alteratfdns during the day, that is, in the second and third 
periods, are Attributable to condensation and 
•and not to surface temperature and alterations' ia vapit 
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pressure. The analogy in the three cases is^ however^ suffi- 
ciently close^ and there seems no reason to doubt that the 
same causes which produced the effects in one case produced 
them in the others. 

Sir J. Herschel has furnished, in vol. 13 of the Transactions 
of the British Association, an account of the barometric alti- 
tudes observed at Mauritius during the twenty-four hours, 
containing the mean of fourteen months. In this account the 
heights at the turning points are — 


At 

4 A.M. 

10 a.m. 

4 P.M. 

10 P.M. 

INCHES. 

80 

.0348 

.0794 

.0199 j 

.0841 


And the observations, when dotted down, and the dots 
connected by lines, exhibit curves so similar in character 
to those already given, or treated of, as to indicate that 
similar causes were in operation in all the cases. The 
fall, from cloud formation, during the second period, from 
10 A. M. to 4 P.M., was .0595, and the rise, from cloud 
evaporation, was .0642, and these constitute the departures 
from the line or curve, of one rise and one fall, which 
it is probable would be found if the causes in operation 
were only one rise of temperature, and one augmentation 
of vapour pressure in the beginning of the day, and 
one decline of each in the latter part of the day and 
the night. 

In a paper presented, in 1844, to the British Association, 
at York, by Colonel Sabine, containing meteorological obser- 
vations at Toronto and Prague, the Colonel intimated that 
the variations of temperature, as indicated by the thermo- 
meter near the surfage of the earth, and the alterations in 
the quantities of aqueous vapour existing in the atmo- 
sphere, during the twenty-four hours, sufficiently accounted 
for the semMiurnal oscillations of the barometer in those 
places. In the tables exhibited by him^i the 




d^amtedi^ niMy^imag- atiiERi^h^m ptemne^ aod th» s^p»- 
of the vepofiir atmosphere, were given, and w«r« 
; Ha follows: — * 


Pi 

At 

lA.U. 

10 A.U. 

4 P.x. 

10 p . m . 

7 

^itactspherio pressure.,.! 

S29.602 1 

so.oai 1 

(99.600 1 

99.608 

L 

Vapour pressure / 

.934 f 

. sro 1 

.979 

.949 


But H has heen shewn that, at Plymouth, during the second 
period, in the hottest part of the day, the dew-point did not 
determine the quantity of vapour that had passed into and 
remained in the atmosphere, in some form adding to its 
weight, as that dew-point was stationary, though the wet bulb 
thermometer shewed that evaporation had been very active. 
We must, therefore, presume that the pressure of vapour, or 
of its product cloud, in Toronto and Prague, during this 
period, was greater than is shewn in this table. And after 
one o’clock, p . m ., when the quantity of vapour in the atmo- 
sphere must have heen increasing, and the temperature, as at 
Plymouth, must have been declining, and when, therefore, 
iilom the influence of both these causes, the barometer ought 
to rise, we find, from the tables, that it fell, — as it ought to 
do if cloud formation was the cause that produced the result. 
It should be borne in mind, also, that Toronto and Prague 
have each a low mean temperature and dew-point, and the 
daily formation of cloud may not take place as regularly in 
those parts as it does in others having higher teniperatures 
and dew-points. The semi-diurnal oscillations in these com- 
paratively dry parts will approximate to the state of those 
localities where no daily cloud is formed, such as the North 
Afirh^n' desert or the plains of Eastei^ Patagonia. But this 
diibrence between the movements of t^ barometer at Tbtpatb 
S!]^ say Madras and Poona, furnishes additioual eyidiaee bfi 
rile truth of the theory here advanced. Ilbe 
tMtC^liftions are, it is contended, results of daily cloud forma- ‘ 
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(i<» 8iid llipontb^ and ^Irhere very little or no such 
fomation oeeur^ the doable oadUation will be but little or 
not in any degree traceable. 

In some regions clouds frequently cover the. earth day and 
night, when the morning sun cannot warm the surface suffi- 
dently to raise the lower air, consequently a daily new cloqd 
*eannot be formed. And as the great condensation which 
often takes place in those regions produces a proportionately 
great ascent of air and vapour, and causes the minute par- 
ticles of water which constitute cloud to form into drops, and 
fall to the earth as rain, instead of being suspended in the 
air as cloud to evaporate, much cold air, produced by cloud 
evaporation, cannot descend, and considerable regular daily 
. variations of the barometer cannot then occur in the part. 
Mr. Birt, in his letter to Sir J. Herscbel, in the volume of 
the British Association for 1841, says — “One point which I 
have glanced at in the notes appears to me interesting and 
worthy of attention in future observations and discussions of 
this kind, namely, the appearance of the diurnal oscillations, 
when the extent of oscillation at the station is small, for 
'instance, under 0.1 inches. Generally, as the oscillation 
increase, the diurnal oscillations become obscured.” This 
fact, not reconcilable with any other theory yet advanced, 
is in accordance with that now advocated. 
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PREFACE TO THE METEOROLOGICAL 
ESSAYS. 


Since the preceding pages were first ' published, various 
accounts have bejri^uccessively furnished of Meteorological 
facts observed in different parts of the world. Many of 
these have been carefully examined, not only on account of 
their importance, but also in order to ascertain how far they 
were in harmony with the general hypothesis that has been 
advanced. Some of the results of such examinations have 
been from time to time communicated in Papers read to the 
Literary and Philosophical Society of Manchester; as have 
abq certain observations which I myself had opportunities 
of makidg, toge^er with such remarks as they seemed to 
require. As the subjects which had to be investigated were 
tO ft c^iiderable extent novel, and somewhat obscure, it 
ap^ared necessary to discuss them rather minutely, and in 
:a may possibly, by some persons, be thought 

tenons. ^ appeared unavoidable, if satisfactory 
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nwto woe to be given in each case for the conclasi(»M 
wftved ate 

The fonn of the Essaj^ as originally read, has been 
retained now that the whole are brought together; and as 
the various subjects were considered successively in sepa- 
rate Papers, and each point discussed had to be closely 
examined, it was scarcely possible to avoid more or less 
of repetition ; but this circumstance, it is presumed, renders 
the argument more conclusive in each instance, whilst it 
saves the general reader the trouble of frequently referring 
to preceding parts; 

Many of the Papers have been already published either 
in The Philost^hical Magazine, The Traneactkm of ihe 
literary and Philosophical Society of Manchester, or in 

'M' 

The Architect,* and are now collected, together with a 
few not previously published, but which, it is presumed, 
will assist in placing the general subject more fully before 
the reader. 


Jm.Y, 1858. 



ESSAY 1. 


On the Diurnal Changet of the Jqueeue portion of the 
Atmoephere, and their Effecte on the Barometer. 

The quantity of vapour existing in the atmosphere in each 
hour of the day is ascertained from the dew-point, it having 
been found that each particular* quantity of vapour diffused 
through the air has its separate dew-point. The dew-point 
is therefore taken as the measure of the quantity of aqueous 
matter existing in the atmosphere, and of the vapour pressure, 
at every period of time. This pressure, thus ascertained, being 
deducted from the whole atmospheric pressure, furnishes the 
amount of the gaseous pressure, as given in our Meteorological 
R^stqjra and Tables. 

But, is the dew-point a correct measure of the quantity of 
aqueous matter that passes into and remains in the atmo- 
. spheiw during the different times of the day ? On the answer 
to this question it depends whether the hourly vapour and 
gaseous pressures on the barometer are, or are not, correctly 
given in oiir registers. If the dew-point he a true measure, 
then the pressure arising from aqueous matter may be taken 
to be such as is stated in those registers, and so far all the 
rcNMonilgs respecting the causes of the diurnal fluctuations 
of the barometer may be correct; but if the dew-point is a 
fallacious measure of that pressure, then the alleged facts 
may be unfounded, and the conclusions drawn from them 
erroneous. 

^ ThiStS is reasoQ to believe that in certain parts of the world, 

mbais ^ almoiplQere » Teiy toy, vhe may be a 
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oons^ iinffeQ^ of .presBBM of o^mus mattOr, bat iS 
otbbr parts it may not; and in order that we may trace. 
, >ibia:^esmiee, in different times and plseetH," we wiUhi^te 
lHiiit>fli» the relative quantities of vapour that hourly past 
h»te the atmosphere, in some of those parts from which Wh 
have been furnished with accounts, and endeavour to leara 
whether those quantities are such as to accord with the dew* 
points. 

'Kaemtz, a German meteorologist, in his Cetitsedf Meteoro* 
logy, has furnished tables of the hourly vapour prenure io 
difi^nt places, deduced, in the usual way, from the dew- 
point, and among them of that which is found to be the mean 
of the year at Appenrade, in Denmark, from seven in the 
morning to eleven in the evening. At seven, the pressure, in 
French measure, is 8. 119 millimetres, from which it increases 
until one in the afternoon, when it reaches 9.511. From this 
time it diminishes, and at 11 p.h. is only 7.863. 

The same writer has given the vapour pressure on the coasts 
of the Baltic, at Trapstow, near the Rya, for the months of 
July and August. ^It appears that in those parts the minimum 
pressure for July, is 10.05 at two o’clock in the morning, and 
the maximum is 11 .41 at two o’clock in the afternoon. For 
August, the minimum is 11 . 18 at three o’clock in the morning; 
and there are two risings, the first until ten o’clock, when it 
is at 1^.05: from this time it falls till two, and then suddenly 
rises until three o’clock, from which time it falls for the rest 
of the day. From these statements we find that thero is; on 
the coasts of the Baltic, particularly in August, in the -middle 
of - the day, a material departure from a single riiih aiid a 
im^le fidl in the vapour pressure. 
t»:^ercr|are also tables for Zorich; and 
m^ghbiMQdiood. At Zurich, iti the nsboth Of dahc, .the 
mmino^ pressure is' 10.56 at 4 a.m.^ fi»m which hwfHt 
A^ it faltS'a liule, and-'haoga* 
when it reaches 1 1>34, havioi 



bonier from 8 a.m. 

aad iliMged (h7& • 

, In September,' «t tbe lame pboe, the minimam was at 
5 A.ir;j and there were two rinnga, mth an intervening *falL 
The fint rise was up to twelve o'clock, — four hours later 
than the first in June; and the advance above tbe minimum 
was 1 .73, making a greater range than that of June by 0.95. 
Here, too, the disturbance in the middle of the day is very 
palpable. These parts of the world are at comparatively low 
levels, — the first named being near the sea, and the last (at 
Zurich) an inland situation, which, though considerably above 
the sea, is not on a mountain. 

When these observations were made at Zurich in the month 
of June, others'were made on the adjoining mountain, called 
the Righi, 1403 metres above tbe Lake of Zurich. On tbe 
Righi, the minimum pressure was at 5 a.m., an hour later 
than that on the plain, being then 6.37, from which it rose 
until noon, and reached 7.54, making a range of 1.37. From 
this hour the pressure declined until five the next morning. 

On the Faulhorn, a mountain in the same locality, but 
higher than the Righi by 870 metres, observations were made 
in September, at the same time that others were made at 
Zurich; and on the mountain the minimum pressure was 
3.40, and occurred at 6 a.m., an hour later than at Zurich. 
From this time it rose until three in the afternoon, when it 
reached 5.07, making the range in the day as much as 1 .67. 

It is thus shewn that the range of vapour pressure was 
gn^tsst, not where the temperature was the most raised, and 
wtflb Ivnporation must have been the greatest, but in the 
latest and coolest month, ‘and on the highest mountain. And 
vi. S^ptepber din pressure, increased to the latest period of 
tile daj, tH>| neeis^he su^a the source of evaporation, but 

These irregularities shew that sraie 
determined the vapour that 
evaptnation from tbe surface/of the • 
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eArt}i> iu the warn and comparatiTeljr dry month of June, to 
eoHtiDue increi^ing at the low level up to eight in the evening, 
tmt to accumulate. only to a moderate extent, whilst on the 
mountain it accumulated to a much greater extent, but not 
later than until noon. In the eo<der month of September, 
however, the vapour accumulated to about an equal extent, 
and about the same times, on the low level and on the high 
mountain, presenting a great difference between the action of 
the vapour in June and in September. The absoHite.pressure 
of the vapour, it will be recollected, is greater in the lower 
than in the higher strata ; but the increase of that pressure is 
greater in the higher part in the dry and warm month of 
June, while it is only equal in the moist and cool month of 
September, shewing that it was not merely expansion and 
diffusion of the vapour produced by evaporation that were 
in operation, but that some other cause was at work, which 
made the vapour accumulate on the mountain more than on 
the plain in June, but not in September. 

In high latitudes the pressure of the vapour is the least 
in winter, and the most in summer. In Halle, in Prussian 
Saxony, for instance, it is 4.509 in January, and in July 
11.6S6, almost three times the amount; and the same kind 
of difference between winter and summer is found in other 
northern parts. Generally it may be said to be the least in 
winter and in cold climates, and the most in summer and in 
warm climates. 

When the daily dew-point, contiguous to the surface of 
the earth, is the nearest to the temperature, which is, say at 
four or five in the morning, both the temperature an# the 
dew^^point are the lowest. From this time the temperature 
rises more than the dew-point, until the former reaches the 
bigb^t point for the day. There is consequently in the lower 
pA^t' of the atmosphere an increasing difference occurrmg 
betweto the temperature and the dew^-point up to the time 
of the highest temperature. But this does not take place ki 
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the same degree in the higher stoats* as in them the dew- 
point progressively aj>proximatea to the temperature, until 
at some height the two become the same. In the forenoon, 
therefOTe, the lower air has its temperature removed pro- 
gressively further from the dew-point, but when it ascends, 
it approaches the dew-point of the higher strata, until at 
last, at some height, condensation takes place and cloud is 
formed. When this occurs, the vapour that is in the air 
below thd4lh>ud, being partially relieved from incumbent 
vapour pressure^ ascends more freely from the lower to the 
higher regions^ where the cloud is forming. Thus it is the 
rise of temperature near the surface that increases evapora- 
tion and raises the dew-point, and the vapour produced by 
this evaporation expands and forces it^way upwards by its 
own laws of expansion and diffusion. But in ascending it 
cools by expansion 1 ® for, say, every 500 yards, whilst it has 
to pass through the gaseous atmosphere, a medium which is 
made colder by its own law of cooling, 5 ® for every 500 yards 
of elevation ; therefore, as the vapour ascends, it must at some 
height reach a temperature low enough to condense a part of 
it and form cloud. On the formation of the cloud taking 
place, a part of the vapour that is in the atmosphere is con- 
verted into globules of liquid (water), and the pressure of this 
condensed vapour on that immediately below it nearly ceases : 
for these globules of water, unlike the vapour from which 
they have been formed, do not rest upon or float in the 
vapour atmosphere alone, but also on the gaseous portion of 
the atmosphere, which, from its superior quantity and density, 
will sustain the greater part of the weight of this floating water. 
The lower vapour, relieved from a portion of that which pre- 
viously premd on it, expands upwards more rapidly, and 
ascends swietinies so freely as to prevent such an accumula- 
tion as shall fiurite rdise the dew-point, although evaporation 
continues active below^ Indeed the pressure from above may 
be so far removed by eloud formation, and the ascent of the 
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freo .^ thA dew-^ 

pro^sset which have been hefa dasbnbaA 
. be traced by attending at the same time to^the dew-^int and 
the heights of the ordinary and the wet bulb thermometers. 
> These are exhibited in the Plymouth registers and diagrams^ 
presented to the British Association by Mr. S. Harris. 

By reference to these,* it may be seen that at Plymouth 
the difference between the dry and wet bulb ^femoraeters 
is, at five in the morning, say about 1® of Fahrenheit. This 
difference increases until one in the afternoon, when it is, say, 
4® ; evaporation must therefore have gone on with increasing 
activity during this time ; and at three o’clock, that is, two 
hours after the time* of highest temperature, the difference 
between the two thermometers is greater than it was at eleven 
o’clock, two hours before the highest temperature^ Evapora- 
tion must therefore have been more energetic, and must have 
continued to throw into the atmosphere more vapour from 
eleven to three than it had done four hours earlier. Now, if 
increase of vapour pressure always accompanied increase of 
vapour, the increase of pressure at Plymouth must have con- 
tinued up to three o’clock. If, however, we look at the curve 
or line of the dew-point which represents vapour pressure in 
the diagram, we find that it did not rise after eleven o’clock, 
but continued stationary from that hour until 4 p. m. It is 
therefore apparent, that at Plymouth the quantity of vapour 
which by evaporation passed into the atmosphere in the middle 
of the day, to add to the general atmospheric pressure, in 
some form, was not indicated by the dew-point. And analogy 
authorises us to infer, that in other parts of the world, the 
state of the dew-point during the same portion of the day 
does not express the quantity of vapour that has passed into 
the atmosphere, and which must have added to its general 
pressure on the barometer. 

* S«e also page 180 and Plate No. 1 . 
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tioElil ¥otk of^the wet 

it bad beer giviEi it would 1 bip# 4^ as 

those We-hepe itt the» Plymouth registers and diagrams. In 
this report^nt is, however, stated that Mr. Caldecott has 
transmitted to England five years of hourly observations with 
the wet and dry bulb thermometers at Trevandrum, near 
Cape Comorin, where a large quantity of vapour generally 
exists in the atmosphere. It appears from these accounts that 
the minimum and maximum pressures of the atmospheric 
vapour are there found to occur within three hours of 
each other, — the minimum coinciding with the coldest hour, 
6 A.M., and the maximum occurring so early as at nine in 
the forenoon. Now, it is very desirable that it should be 
ascertained whether evaporation did or did not go on freely 
from the wet bulb thermometer from six in the morning, not 
only until nine in the morning, but until two in the afternoon, 
the time of the highest temperature. Although the dew- 
point ceased to rise at nine, it is to be presumed, reasoning 
from analogy, that energetic evaporation continued through 
the middle of the day, and it probably was (as at Plymouth) 
more active between nine and two in the day, than it had 
been in any part of the time between six and nine in the 
morning. And the vapour which was thus produced at 
Trevandrum between nine and two, or still later in the 
day, may have ascended and formed cloud, which cloud must 
have added to the general weight of the atmosphere. Had 
we accounts of the state of the wet and dry bulb thermo- 
meters, and of the dew-points at different heights, there is 
little room to doubt that we might trace the ascent of the 
vapour at Trevandrum until we found it collected and floating 
in the atmosphere as a cloud, and in that form adding to. the 
general weight of the atmosphere. 

* Which report was inaorted in the February number of the Philosophical 
Magazine for 1845. 
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Colonel Sabine says that the maximum of vapour pressure 
occurring at Trevandrum at 9 a. m. may be a cohsequcnce of 
the sea breeze blowing at that time. I have however shewn 
that the daily sea breeze is itself produced by the diurnal 
cloud formation ; the sea breeze is only another effect arising 
from .the same cause. The sea breeze blows towards the 
part, because the atmosphere has there been made lighter 
than in adjoining parts by the heating power of condensing 
vapour* The wind too that comes from the sea, particularly 
in fine season, when the diurnal disturbance of the baro* 
meter is the greatest, comes more fully loaded with vapour 
after nine o’clock than was the air over the land before that 
time, and ought to increase the vapour pressure after that 
hour, instead of stopping the increase. If all the vapour 
that arose had to come from the same land surface of the 
locality, it might be supposed that evaporation could not con- 
tinue to supply an adequate quantity to raise the dew-point 
after nine; but when the sea breeze sets in, a current of air 
comes from an extensive sea surface, and brings with it the 
vapour which had been evaporated from that surface, not 
, only up to nine o’clock, but until ten, twelve, or two o’clock, 
or still later : the tendency of the sea breeze is therefore not 
to reduce, but to increase the supply of vapour. It may also 
be remarked, that whilst the maximum of vapour pressure is 
said to occur at Trevandrum at nine o’clock, the sea breeze 
does not set in at J3oinbay until about eleven or half-past 
eleven* Supposing both these places affected alike by the 
sea breeze, the cause of the stoppage of increase of vapour 
pressure, whatever that cause may be, must have been 
in operation two hours before the sea breeze commenced 
blowing. 

Formation of cloud is a cause sufficiently powerful in its 
operation to prevent the dew-point rising at Trevandrum after 
9 A«Mt, as the vapour produced after that hour may be equal 
only to that which is consumed in cloud formation; and we 
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arc authorised to conclude that it is to that formation we are 
to attribute the stoppage of the dew-point at Plymouth at 
eleven, and at 'JVevandrum at nine o’clock, instead of having 
it rising with tlie temperature during the hottest portion of 
the day in botli places. And in the more northern or drier 
climates, if we do not always trace the same stoppage, it is to 
be attributed to the absence of daily cloud formation* In^a 
very dry and cold climate, there is not in the course of the 
day sufficient water evaporated to produce a daily thick cloud, 
and therefore imall vapour pressure goes on increasing with 
the temperature up to the hottest period. Under these cir‘<^ 
cumstances, the vapour pressure, when exhibited in a diagram, 
forms a regular curve, having one rise and one fall in the 
twenty-four hours ; but where much vapour exists, and much 
more is produced daily, the dew-point does not at all times 
indicate the pressure which results from evaporation, because 
the rise of the dew-point is stopped at certain periods, not 
by a cessation of the production of vapour, but through its 
ascent in the atmosphere and conversion into a floating cloud. 
Boiling water in the open air does not rise above 212®, yet 
heat continues to pass into it from the fire that is under the 
water. The reason that the temperature of the water does 
not rise higher is, that as much heat passes from the water 
into the air as from the fire into the water. In like manner, 
evaporation of water may continue to throw vapour into the 
air without the quantity in the air increasing, because con- 
densation may convert vapour into water as fast as evaporation 
furnishes it. But neither the fire nor the vapour is annihi- 
lated, — the fire passes into the atmosphere and the vapour 
becomes cloud, and we may trace both of them in their new 
state of existence, and mark the effects they produce. 

Taking the period of a year, in all places the average daily 
march of the temperature shews a single rise from about* six 
in the morning till one or two in the day; and evaporation, as ' 
shewn by the wet bulb thermometer, increases with the rise 
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of temperature. If the whole weight of the vapour thus pro- 
duced ’were to be registered and exhibited in the form of a 
curve, that curve would be the same in form as the curve 
of temperature, having one rise and one fall. But in the 
actual curve or line of the dew-point there is frequently 
found to be a fall where there should be a rise. At Zurich 
wd near the Baltic, the departure from the regular curve is 
considerable; in Plymouth, the line is level from eleven to 
four; and in Trevandrum, if a curve were formed, the line 
would cease to rise at nine o’clock, five hours before the hottest 
period. At Trevandrum the minimum and maximum of tlic 
dew-point occurred within three hours, whilst on the Faulhoni 
they were nine hours asunder; at Zurich, in June, they were 
sixteen hours asunder; and in other parts similar anomalies 
occur. These irregularities may be accounted for on the sup- 
position that condensation of vapour produces them, because 
that process is very irregular in its action ; but if this suppo- 
sition is admitted to be true, it will follow that the dew-point 
iil not a. correct measure of the daily addition that is made 
to the ' weight of the atmosphere in the middle of the day 
by the vapour that has been thrown into it, and therefore 
it does not present the means of ascertaining the separate 
gaseous pressure. For the same operation that keeps down 
the dew-point in the middle of the day, creates cloud that 
^oats in and rests upon the whole mass of the atmosphere ; 
and the gaseous portion of that atmosphere most then press 
on the surface of the earth, not only with its own weight, but 
with the additional weight of nearly the whole of the cloud 
that is then floating in it. And if the curve of gaseous 
pressure, as commonly given, does not shew a rise resulting 
tcom &is additional pressure, it is because the whole atmti- 
spheris is at the same time made lighter by the heat which 
has hcfii liberated by condensation of vapour. 



ESSAY 11. 


On the Causex of the Semi-diurnal Fluctuations of the 
Barometer. 


I have already shewn that there is no reason to believe 
that tlic daily warming of the atmospheric gases by the 
direct influence of the sun produces any material alteration 
in their pressure on the mercury of the barometer, as the 
clfect of that warming on the whole column in the locality 
is so small, as to prevent much disturbance of atmospheric 
pressure; yet great influence has been attributed to solar 
heating near the surface in producing the semi-diurnal 
fluctuations that take place. 

Colonel Sabine, in his Report on the Meteorology of 
Toronto at the meeting of the British Association for the 
advancement of Science, in 1844, gives an explanation of 
the daily oscillatiws. He says — “As the temperature of 
the day increases, the earth becomes warmed, and imparts 
heat to the air in contact with it, and causes it to ascend. 
The column of air over the place of observation thus warmed 
rises, and a portion of it difluses itself in tire higher regions 
of the atmosphere, where the temperature at the surface is 
less. Hence the statical pressure of the column is diminished. 
On the other hand, as the temperature falls, the column con- 
tracts, and receives in its turn a portion of air which passes 
over in the higher regions from spaces where a higher 
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temperatxire prevails; and thus the statical pressure is 
augmepted." 

In the Athenaeum of July 5, 1845, the Colonel is repre- 
sented as having said at the then recent meeting of the 
‘ British Association, that in Dr. Buist’s Meteorological Report 
from Bombay, “the explanations thereby afforded of the 
diurnal variations of the gaseous pressure at Bombay, which, 
although at first sight more complex than at the stations of 
Toronto, Prague, or Greenwich, he conceives to be equally 
traceable to variations of temperatures.” Colonel Sabine, 
therefore, after having examined Dr. Buist’s meteorological 
Registers, retains the opinion that the semi-diurnal alterations 
of the gaseous pressure are produced by alterations of tem- 
perature, as that temperature is shewn by the thermometer 
near the surface. 

. As I propose to examine this theory and to compare it with 
another, it will be convenient to designate the two distinct 
names. I shall therefore call the Colonel’s “ the temperature 
theory* and the other, “ the condemation theory” Both of 
these' rest on alterations of temperature; but the former 
depends on the temperature found by thermometric mea- 
surement near the earth’s surface, and the latter on the 
temperature which must be produced by condensation of 
vapour in a higher part of the atmosphere, of which we have 
no direct measure. • 

The semi-diurnal fiuctuations of the barometer are the 
greatest within the tropics; and as details of those at 
Bombay have not yet been published, we will proceed 
to examine accounts furnished by Kaemtz, in bis valuable 
wnrfc on Meteorology. In page 248 of that work, w<; 
Imre the following tables of the hourly heights of the 
hardtheter:— 
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. Table I. 

Mi an he ight of the barometer expressed in millimetres for all 
hours, and in different places. 


IMarcs .... 

i (It. Orean. 

1 C'lmana. 

1 . 

LaCiuayra. 

1 Calcutta. 

1 

Padua. 

Halle. 

Abo. 

Petcri- 

burg. 

Liititiulc.. 


H' 23 N. 

10*^ 36 'N. 

22‘' 35 'w. 

45° 24 'K. 

:64° 29 'w 

60° 67' H 

69° 66 'w. 

Olismcrs 

1 IIorniT. 

llK/iil^ldt. 

Boussiii- 

(fault. 

1 Balfour. 

Ciminello. 

Kacmiz. 

Hall- 
stroem. ' 

Kupffer. 

Noon 

' 7.'*2.;i5 

7-.6.57 

759.41 

759.61 

767.02 

753.29 

759.31 

759.47 

1 

7.M.M7 

7.55.99 

758.91 

759.22 

756.85 

75.3.11 

759.29 


2 

1 7.51.55 

7.>.5.47 

758.41 

758.39 

756.67 

752.99 

759.27 

759.38 

;i 

: 7 .51.15 

7.55.14 

758.12 

758.12 

756.54 

752.89 

759.25 


i 

7.51.02 

751.96 

758.05 

767.91 

756.47 

752.84 

759.25 

759.32 

it 

751. :u 

755.14 

758.10 

757.93 

756.46 

752.86 

759.27 


(1 

7.51. 71 

755.41 

758.40 

758.01 

756.50 

752.91 

759.29 

759.31 

7 

751.93 

755.81 

758.90 

758.02 

756.63 

753.02 

759.34 


n 

7.52.35 

756.21 

739.19 

758.54 

756.79 

753.14 

759.39 

759.32 

9 

752.74 

756.59 

759.69 

759.24 

756.92 

753.24 

759.44 


JO 

752,85 

756.87 

759.93 

759.33 

757.02 

753.31 

759A7 

769.36 

11 

752.86 

757.15 

759.98 

759.09 

757.02 

733.29 

769A7 


Midnigikt 

7«247 

758.86 

759.64 

758.80 

767.01 

733.23 

769.41 

759.35 

13 

752,20 

756.53 

759.34 

758.62 

756.90 

733.14 

769.33 


14 

751,77 

758;21 

759.05 

758.57 

756.84 

733.03 

769.24 

769.32 

15 

1 751.63 

755.89 

758.81 

758.49 

766.78 

752.99 

769.14 


16 

761.32 

755.66 

758.68 

758.47 

756.74 

752.99 

769.07 

769.32 

17 

751,65 

755.79 

758.85 

758.44 

756.75 

733.34 

759.03 


18 ; 

751.96 

756.18 

759.32 

758.68 

756.79 

753.12 

769.04 

769.39 

1.9 1 

752.84 

758.58 

759.94 

759.16 

756.89 

763.24 

759.08 


20 ! 

752,95 

766.98 

760.50 

759.88 

757.01 

733.37 

759.15 

759.49 

21 I 

753,16 

757.31 

759.63 

760.11 

757.08 

753.44 

759.21 


i 

763.15 

757,32 

760.50 

759.19 

757.14 

753.46 

769.29 

769.51 


752.80 

757.01 

759.99 

759.09 

757.07. 

753.40 

759.32 



From an examination of this table, it will be seen that the 
fluctuations are the greatest within the tropics, and they di- 
in’mish, though not invariably, with the increase of latititude. 

The first column exhibits the fluctuations at the equator in 
tlie great ocean. The range extends beyond two millimetres, 
and the descent from nine in the the morning till four in the 
afternoon gives the whole extent of the range. 

The two next columns shew the alterations at Cumana and 
La Guayr^ both above 10® north latitude, and the ranges are 
nearly equal to that at the equator. 

The fourth column shews the changes at Calcutta to be 
nearly as great as in the preceding places, but exhibits singu- 
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In the Padua column, 45® north, the Upctuation is much 
reduced in the extent of its range, but retains the same 
general character. 

In Halle, in latitude 54®, the alterations dp not differ 
materially from those at Padua. 

The changes are very small in Abo and Petersburg. 

To these it is desirable that tre should. add the. following 
table of the heights of the dry and wet bulb therniometers, 
and the differences between the two, — with tile dew-poiiits 
and the heights of the barometer at Plymouth for three 
years, as furnished by Mr. S. Harris, and published in the 
' Ninth Report of the British Association (p. 167)* ' 

V . V -S' j \ i ^ ' ' ■ ■ , * . _ 

■ Table IL ' 

Table of the heights of the dry and wet bulb tbermoraeters, and 
the differences between the two, together with the dt^-points 
and heights of the barometer at Plymouth for three years. 


Hour. 

Thermo- 

meter. 

Wet bulb 
thermo- 
meter. 

Difference. 

Dewr- 

poiot. 

Barometer. 

iWB 


46.20 

1.32 

HUH 

Mini 

IhI 


46.03 


44.76 . 

29.7993 

IKH 


45.92 

1.19 

44.76 

29.7944 

IKH 


45.66 

1.34 

44.26 

2*7928 

5 

46.08 

45.77 

1.21 

44.75 

29,7928 

6 

47.41 

46.01 



29.7960 

7 

48.44 

46.83 

1.61 

45.25 

29.8002 

8 

49.68 

47.51 

2.17 


29.8032 

9 


48.50 

2.80 

45.26 

29.8048 

10 

52.84 

49.45 

3.39 

46;25 

29.8061 

11 



3.88 

46.75 

2948045 

12 

54.51 

50.40 

4J4 

46.75 

29.8002 

1 P.M. 

54.83 


4.28 

46.75 

mgmM 

2 

64.77 

50.44 

4.33 

46.75 

29.7922 

3 

64.2.; 

50.24 

4.0) 

46.76 


/ * 

63.46 



46,76 

29.7895 


62.27 

49,06 

3.21 

46.25 1 

!29.7988 

6 

5J.24 

48.46 

2.78 



7 


47.»0 

2.38 

45475 

29.8019 

8 

49.44 

47.61 

1.93 

46,76 


9 

48.83 

47.17 

1.66 

K * 



48.48 

46.93 

1.55 

K 

29.11^9 

11 

48.10 

46.66 

1.44 

E 


12 


46.43 

1.37 

BSmI 



60.32 

47.89 

2.48' 

45.M 

29.7909 
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In all these places the temperature shews only a single 
fluctuation, sucli as is seen in the table of the thermometer at 
Plymouth, namely, one rise generally from about 5 a.m. to 
1 or 2 F , M., and one fall from that time until five the following 
morning. Now, if the temperature of the atmosphere, as 
marked by the thermometer, caused the diurnal fiuctuations 
of the barometer in the way supposed, we ought to have in all 
these places one undulation in the twenty-four hours instead 
of two^^ — theorise of temperature causing a decline of the 
barometer during the hotter part of the day, and the fall of 
temperature producing a rise of the barometer in the colder 
part. Yet Colonel Sabine himself says that at Bombay, where 
therei ia*<)nly one rise an4 one fall of temperature, there are 
two risingjp^ and^ two fallings of the barometer. And these 
movement qf the barometer take place not only when that 
instriyn^nt is taken as the measure of the whole pressure 
of the atmosphere, but also when the vapour pressure is 
deducted, and the mercury of the barometer is taken as 
the measure of the gaseous pressure alone. These facts are 
opposed to, and are irreconcileable with, the temperature 
theory. 

As, however, the aqueous vapour of the atmosphere presses 
on the mercury of the barometer separately and independently, 
it has been attempted to be shewn that the variable pressure 
of the vapour arising from difference in the quantities in the 
atmosphere at different periods of the day combined with 
(liange of the gaseous pressure resulting from alteration of 
surface temperature, and that the two causes acting together 
produced the double undulation of the barometer; to this 
Mew% therefore, we will direct our attention. 

11ie temperature near the surface of the earth at Plymouth, 
as well as at the other places, rises from about five in the 
morning till about two in the afternoon ; and when the wet 
bulb, as well as the dry thermometer, is used, as it was at 
Plymouth, it is seen that the temperature of the latter 
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rises more than that of the former, or of the dew-point, and 
evaporation must consequently become progressively more 
active ; there must therefore be successively more water eva- 
porated and tlirown into the atmosphere to be added to its 
weights And according to the temperature theoi^', this water, 
now converted into vapour, must, up to say ten o’clock, press 
with sufficient force on the mercury to counteract the lighten- 
influence of the rising temperature, as during, that time 
die barometer rises. , :<«« v 

’From ten until one o’clo<^, as the temperat^ rues still 
higher, as compared with the wet hulb .^ermometer and the 
dew-point, evaporation must go on increasing, and the increase 
of vapour pressure ought to continue; hut it appears from 
the table not to do so, as the mercury of the barmneter falls 
instead of continuing to rise; we have therefore to try to 
ascertain what can be the cause of this fall, while additional 
vapour is passing into the atmosphere. 

Those who advance the temperature theory, say that the 
fall of the barometer is caused by the increasing temperature 
of the atmosphere produced by the action of the sun on the 
surface of the earth, and the air near to it ; and they must 
muntain that this increase is sufficient, not only to lighten 
the atmosphere enough to cause the fall of the barometer, but 
also in addition to counteract the influence of the increased 
vapour pressure. Now at Plymouth the temperature rises 
from 5 to 10 a.m. nearly 6°, and may be supposed to lighten 
the atmosphere to a certain extent; at the same time evapora- 
tion throws vapour into the atmosphere. We are, however, 
required to suppose that during this time the vapour pro- 
duces so much greater effect by pressing on the mercuiy, than 
the hmting of the atmosphere does in reducing atmospheric 
pressure,' that the whole pressure becomes greater and the 
mercury, rises. But after ten o’clock the temperature con- 
tinues to rise, but in a smaller degree, say nearly 3°, and 
vapour, must be more abundantly thrown into the sir, as is 
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shewn by the extent to which the wet bulb thermometer is 
• kept down ; yet the barometer, instead of continuing to rise, 
suddenly turns and falls, and continues falling from ten to 
one o’clock, tlie time of the highest temperature. So that 
according to this theory, from five to ten o’clock, the sun 
heats the air nearly 6^ and produces some vapour ; and the 
two influences acting together cause the barometer ^o^nse; 
but from ten to one the sun heats the air about 3^^ and most 
throw much additional vapour into the atmospWe ; and then 
these two influences still acting together cause the barometer 
to fall. This is attributing opposite effects to the same causes, 
and must be presumed to be erroneous. 

But let us examine the valuable Plymouth tables a little 
more minutely. The first column gives the temperature as 
shewn by the ordinary thermometer; the second, the tempera- 
ture of the wet bulb thermometer, as kept down by the cooling 
influence of eivaporation ; and the third gives the difference 
between the two first. Now as this difference arises from the 
extent of the evaporation, the numbers of the difference may 
be taken to express the force and amount of evaporation, 
and to indicate the additional vapour that is discharged into 
the atmosphere. This force or amount at five o’clock in the 
morning is l^^^.Sl, from which time it increases to 3®. 39 at 
ten o’clock. So" that during these five hours, the increase in 
the force of evaporation is 3.® 18; and this in the temperature 
theory must be held to be sufficient to overcome the lightening 
effect of a rise of 5®. 86 of temperature, and also to raise the 
mercury of the barometer to the full extent of the morning 
rise. After this time, from ten to one o’clock, the tempera- 
ture rises further from 52®. 84 to 54®. 83, or 1®.99; and 
during the same period the force of evaporation increases .89, 
that is, from 3®. 39 to 4®. 28. Thus we are required to believe, 
that from five to ten in the morning, 2®. 18 of evaporation 
overcame the lightening influence of 5®. 86 of temperature, 
and in addition raised the mercury of the barometer; and from 
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ten to one in the day, .89 of evaporation not only failed to 
lijl^teni^ of 1**.99 of temperature, bat< 
0 flk mikA tins rehtively small amount of temperature to produce 
tihii further result of a fall of the mercury of the barometer. 
Or put in a tabular form, say that from 

5 to 10 o’clock, 8$ of temperature and 18 of enporatloii caiiied a riee. 

lOto 1 o'clock, 1^.88 of temperature and .88of eraporation caused a fall. 

That isy where temperature^ the » influence which lightens 
the atmosphere, is relatively great and should cause a fall, 
the mercury of the barometer rises; and where the influ- 
ence of temperature is relatively small and should cause the 
vapour to produce a rise, the mercury falls. This must be 
erroneous. 

In the same place, (at Plymouth,) from 1 o'clock until 
4 P.M., as may be seen in the table, the temperature falls; 
and as far as that temperature acted the atmosphere would 
of course become heavier. At the same time evaporation 
shews that vapour is passing into the atmosphere ; it ought 
therefore to follow that the barometer should rise, and con- 
siderably too, through the operation at the same time of both 
the causes which are supposed to contribute to the production 
of a rise. But the barometer does not rise; on the con- 
trary, it falls, and continues falling until four o'clock. These 
facts and reasonings prove that neither th^ daily variations 
of surface temperature, nor the different amounts of vapour 
pressure, nor both taken together, are adequate to the pro- 
duction of the fall of the barometer from .ten to four o’clock 
in the day. 

And if we proceed with our inquiries into the next period 
of six hours, that is, from 4 to 10 p.m., we meet with facts 
that do not harmonize with the temperature theory. During 
the whole of this time, it is true, the temperature falls and 
the barometer rises; but the vapour pressure must have 
diminished according to the temperature theory, as the dew- 
point, the measure of vapour pressure, falls ; and the lowering 
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of the dew-point after four o’clock shewed that vapour was 
then condensing in the lower part of* the atmosphere. So 
that here it becomes Necessary to suppose that t^^ atmo- 
sphere cools enoughi not only to raise the barome|er to the 
full extent of its daily range^ but also to counteract the 
reduction jarhich takes place at the same time in the vapour 
pressure. Again, from ten at night, although the atmo- 
sphere continued to coolj^ the barometer did not continue 
to rise, but once more fell, which fall is attributed to a 
diminution of vapour pressure. Thus from four to ten in 
the afternoon and evening, cooling the atmosphere is repre- 
sented, as more powerful than reduction of vapour pressure ; 
and from ten in the evening to four in the morning, 
reduction of vapour pressure is supposed to^be more power- 
ful than cooling the atmosphere. The two forces, we are 
required to believe, do not merely neutralize each other, 
but each in its turn exercises a paramount influence, and 
for the time determines an absolute rise or a fall of the 
barometer; and this we are called upon to admit without 
any satisfactory or even plausible evidence being adduced to 
prove it. 

What has been here advanced applies with the greatest 
force to the semi-diurnal fluctuations in atmospheric pressure 
which take place within the tropics. Aqueous vapour exists 
in the atmosphere in larger proportions in that part of the 
world than it does in higher latitudes ; and it is to the daily 
condensation of th^t vapour in the atmosphere, and its subse- 
quent evaporation there, that we are really to attribute the 
great deviation of the movements of atmospheric pressure 
from the daily march of temperature. If no vapour existed 
in the atmosphere, the alteration, of pressure would be very 
little, and it would be the reverse of temperature. As the 
atmosphere became warmer, the pressure would be less; as 
it became colder, the pressure would be more. And the . 
hourly variation in the quantities of vapour actually found 
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in tbe atmosphere which arises from alteration of surface 
temperature, only introduces another element of pressure 
into the inquiiy, which is simple in its character, — the 

• yapour increasing or diminishing with an increase or diminu- 
tion of temperature. If the two were equal while acting 
in opposite directions, they would balance each other. But 
the separate action of these two causes cannot produce 
such a double undulation of the mercury of the barometer 
as that which occurs daily in the tropical regions and at 
Plymouth. 

, As we proceed from the equator towards higher latitudes, 
we find less vapour in the atmosphere, and its influence on 
atmospheric pressure is less marked. At Padua the fall of 
the barometer from ten to four in the day is not much more 
than one-fourth the extent that it is at the equator, and at 
St. Petersburg it is very small. In situations where there 
is not sufficient vapour in the atmosphere to form any daily 
cloud, it is to be presumed that if a barometrical registration 
were to be made, there would be no double movement exhi- 
bited shewing a fall from 10 a.m. to 4 p.m., and a rise from 
4 to 10 P.M., because there would be no condensation and 
warming to produce the former, nor evaporation and cooling 
to cause the latter. 

The heating effect of condensing vapour may however be 
traced even in comparatively dry latitudes, such as that of 
Toronto, as shewn in Colonel Sabine’s report to the British 
Association in 1844. There was no fail of the barometer at 
that place from four to ten in the morning, although the 
temperature had risen from 39°. 20 to 46°. 35, above 7°; but 
in the middle of the day, from ten to four, with an increase of 
temperature from 46°. 35 to 50°. 55, being only 4°. 20, the 
gaseous as well as the general atmospheric pressure was 
materially reduced, notwithstanding that the increase in the 
quantity of vapour during this time must have been as great 
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as it was in the preceding period; and if this increased 
quantity had remained in the atmosphere^ its pressure must 
have been added to that which previously existed. We are 
then obliged to suppose that the reduction of the pressure 
which took place immediately after ten o’clock^ arose from a 
cause which came into operation at that time ; and that Cause 
it is contended can be found only in the heating of the atmo- 
sphere by the condensation of vapour. 

The great defect of the temperature theory is, that it fails 
to account for flie fall of the barometer from 10 a.m. to 
4 P.M., and its subsequent rise from 4 to 10 p.m., though 
this is the oscillation for which we have particularly to . 
account; whilst the theory here maintained points out the 
cause of these, as well as the other diurnal, and also of 
the casual, movements of the barometer. We are therefore 
at liberty to conclude that the semi-diurnal fluctuations of* 
the barometer can be accounted for only on the condensatioiP 
theory. 



ESSAY in. 


On the Timet of the Daily Atmotpherie and Barometric 
Ditlurbancet at Bombay. 

That the daily fluctuations of the barometer in many parts 
' of the world are connected with the changes of winds called 
sea and land breezes, is generally admitted. Some persons 
consider the winds the causes of the barometric alterations, 
whilst others treat the phenomena as joint effects resulting 
from the same common cause; these winds, however, have 
seldom been examined with a view of shewing to what extent 
they coincided with the movements of the barometer. But 
it is desirable that this should be done, as any anomalies in 
the daily movements of the barometer, and in the times when 
the sea and land breezes blow, maj direct attention to causes 
which, without having been noticed, may, to a greater or less 
extent, determine each of these phenomena. 

A sufficient number of facts has been collected to enable 
us to shew, that the sea and land breezes do not blow at the 
times when it would be expected that they should, through 
alterations that are taking place in the atmosphere, as such 
alterations are indicated by the movements of the barometer. 
These breezes are said to blow invariably from a part where 
the atmosphere is relatively heavy, to another part where it 
is lighter ; we ought, therefore, to find, that wherever the sea 
breeze was blowing with increasing strength, the atmosphere 
on the land towards which it was blowing, was becoming 
lighter, and the barometer on the land was falling. In like 
manner when the land wind was blowing with increasing force, 
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tlie atmosphere must be supposed to be increasing in weight 
over the land, which increase should be measured by a rise of 
the barometer on the land. 

If, however, the movements of the barometer do not accord 
with the times of these winds, but that instrument sometimes 
rises when, from the direction of the wind, it should fall, and 
the reverse, — we have to ask why this should occur? There 
must be some sufficient cause in operation to produce -these 
effects, so different from what is expected from the nature of 
the influences supposed to produce them, and into the nature 
of this cause we ought to inquire. 

The combined influence of temperature, as shewn by the 
thermometer, and of variable vapour pressure, as ascertained 
by the dew-point, have been supposed sufficient to account 
for both the daily changes of tlip wind and of the barometer. 
But I have shewn that the dew-point is not a correct measure 
of the quantities of aqueous maUer that exist in the atmo- 
sphere during the different periods of the day; although there 
can be no doubt that those quantities do vary, and, in many 
parts of the world, probably to a greater extent than has been 
hitherto imagined, though the aqueous matter is not always 
in the form of vapour. 

Alternating sea and land breezes are, doubtless, effects of 
the disturbance of the equilibrium of atmospheric pressure. 
The air passes from the place where the pressure is greater 
towards the part wdiere it is less, and this passage of the 
air constitutes the wind. In the important account of the 
Meteorology of Bombay, furnished to the British Association 
at Cambridge, by Colonel Sabine, it is stated, that ^^the land 
wind declines till about 10 o’clock a.m., at which time the 
direction of the aerial current changes, and there is generally 
a lull of an hour, or an hour and a half’s duration. The sea 
breeze then sets in, the ripple on the surface of the water 
indicating its commencement, being first observed close in 
shore, and extending itself gradually out to sea. The sea 
y 
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breeze is fresbest from two to four, and prc^essively declines 

: to thiS| as well as other accounts wl^di need 

ii(eA -it present be gireoi we mayi then/ say that soon after 
ten o^slbck in the mornings some cause coxnes into operation 
that makes atmospheric pressure less over the land than it is 
Over the sesi and therefore a portion of the air flows from 
the sea to the land, — from where the pressure is greater to 
where it is less. This disturbance, of the equilibrium of 
atmospheric pressure has been represented as arising from 
the sun heating the surface of the land more than that of 
the sea. But if this were the cause in the case just given, 
the sea breeze ought to have set in earlier, seeing that the 
thermometer at Bombay, near the surface of the earth, rose 
much more before half-past ten o’clock in the morning, than it 
did after that time. From six in the morning the tempera- 
ture rose from 78®. 4 until at ten it reached 81®. 8, and at 
twelve 83®. 2. So that at ten it had risen 3®. 4, and at twelve 
4®. 8, whilst after that period until two it rose only .9, or to 
84®. 1. The rise of temperature was therefore far greater 
before the sea breeze set in, at half-past ten, than it was 
afterwards, and the sea breeze ought to have commenced 
long before half-past ten o’clock to have been in accordance 
with the times of the change of temperature. 

The following table, taken from Colonel Sabine’s paper, 
shews the heights of the thermometer and the barometer, 
and the supposed separate gaseous pressure every two hours. 
The same facts are also exhibited in the diagram, together 
with the changes of winds. 


* See Plate No, 2. 
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Houre of Mean 
Bombay 
Time. 

Thermometer. 

Barometer. 

Supposed 

Gaseous 

Pressure. 

6 

78 ®. 4 

20.806 

29.066 

8 

79 ®. 6 

—.840 

80.074 

. 10 

81 ®. 8 

—.868 

80.081 

0 

88 ®. 8 

—.817 

80.049 

8 

84 M 

—.776 

88.081 

4 

83 ®. 9 

—.756 

88.966 

6 

89 ®. 3 

—.774 

28.972 

8 

8 l ®.9 

—.806 

29.005 

10 

80 ®. 3 

—.826 

29.046 

0 

79 ®. 8 

— .809 

29.034 

2 

79®.4 

—.786 

29.020 

4 

78 ®. 9 

—.778 
t 

29.017 


The highest temperature^ 84®. 1, is found at two o’clock, 
after which time it declines a little till four, when it is at 
83®. 9; — and if high temperature, as measured by the thermo- 
meter, really produced the sea breeze, it should have increased 
in strength until two, when as the temperature declined, the 
breeze should also decline. But the sea breeze is found the 
strongest from two to near four o’clock. The sea breeze, 
therefore, is of inferior strength up to two o’clock, when it 
ought to be the strongest, and it is the strongest when it 
should, according to the temperature theory, have become 
weaker. 

At four, although the atmosphere, as shewn by the thermo- 
meter, had become colder than it was at two o’clock by .2, 
3^et it was then in its lightest state, as measured by tlie 
barometer, shewing that the temperature and weight of the 
atmosphere were not in harmony with each other. After 
four the barometer begins to rise, and the sea breeze to 
weaken; and these alterations proceed until near ten at night, 
when they cease* 

At this time the air over the land is found to be heavier 
than that over the sea, as the aerial current turns and begins 
to flow from the land tp the sea, — or the land-breeze sets in. 






at firstf biit incfreases ill strength until it its 
lurayium'near day break, say between fouf and five o’clock, 
during which time the temperature declines. While, however, 
the 14nd breeze is thus blowing with increasing, strength, and. 
indicating by its force that the atmosphere is becoming con- 
siderably heavier over the land, the barometer, which should 
be the measure of increase of atmospheric weight, does not 
rise as from theory would be confidently expected, but actually 
falls. And that this fall of the barometer is not attributable 


to a rise of thermometric temperature, as that of the morning 
^has been supposed to have been, is evident, because, the 
diermometer was sinking during the whole time. That the 
fall of the barometef^is not due to a general reduction of 
atmospheric pressure may also be reasonably inferred, seeing 
that the land breeze indicates an increase of that pressure 
over the land, from whence the air is by some cause forced 
to flow towards the sea. What then can make the air go 
with increasing velocity from a part where the atmospheric 
^pressure, as that pressure is measured by the barometer, is 
successively becoming less and less ? Or rather, we may ask, 
what can cause this fall of the barometer on the land, when, 
from the action of the land wind, the air over the land appears 
to be increasing in weight ? These questions, it would seem, 
cannot be satisfactorily answered on the temperature theory, 
and yet they require to be answered, if we are to understand 
the causes that are in operation to produce the various results 
that have been traced. 


From what has been stated, it will have been seen that after 
ten o’clock in the morning, some cause comes into action, 
sufficiently powerful to reduce atmospheric pressure on the 
laiid, and to render the air there so light as to permit the sea 
air to flow towards the land as the sea breeze. This cause, 
I contend, is not to be found in the warming of the surface 
of the land by the sun, as has been supposed, — but in tlie 
conversion of a^part of the aqueous vapour of the atmosphere 



into water by the formation of doodi aa I have shewn in my 
account of the formation of cumulous cloud. A consequence 
of this conversion is the liberation of heat^ which lightens the 
whole atmospheric column in the locality. The results.are^ a 
fall of the barometer over the land, and a flowing in of the 
heavier air from the sea as the sea breeze. The formation of 
cloud, on an average, continues in operation until four o’clock 
in the afternoon, during the whole of which time the baro- 
meter falls, and the sea breeze blows with increasing force. 
At four o’clock cloud ceases to form, — the barometer then 
ceases to fall, and soon begins to rise, whilst the sea breezy 
becomes weaker, until about ten o’clock in the evening, when 
the barometer attains its greatest evening height, and the sea 
breeze ceases to blow. 

During the six hours last named, from four to ten o’clock, 
that the atmosphere over the land becomes heavier than it 
had previously been, is indicated both by the rise of the 
barometer and the decline of the sea breeze. But it is here 
contended that these results are produced, not merely through 
that reduction of temperature which is marked by the fall of 
the thermometer, but in addition, and principally, through 
the cooling of a large mass of the atmosphere by cloud evapo- 
ration. From ten in the morning to four in the afternoon, 
a portion of the vapour over the land had been condensed and 
formed into cloud ; and the heat liberated by that condensa- 
tion rendered the land atmosphere lighter at the time: but 
now, from four to ten at night, the particles of water which 
constitute the cloud evaporate — and as condensation previously 
heated the land atmosphere, and mslAe it lighter, so evapora- 
tion now cools it and makes it heavier. The former process 
caused the barometer to sink, and the sea breeze to blow — thq 
latter causes the barometer to rise, first checks, and finally 
stops the sea breeze. Cloud formation in the former period 
produced so great an effect as to counteract the influence 
of increasing vapour pressure, which may be shewn to have 
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existed at the time, and in addition to lower the barometer 
and produce the sea breeze; and cloud evaporation had, in 
the* latter period, .sufficient power to overcome the influence 
of declining vapour pressure, which was going on at the time 
in the formation of dew near the surface, and to produce the 
general results that have been stated. 

At ten at night, the air over the land is found to be, 
principally through the influence of cloud evaporation in 
cooling' the column, heavier than it is over the sea — the 
atmospheric ^current now turns, and the air begins to flow 
from the land to the sea— or the land breeze sets in. It is 
feeble at first, but increases in strength, until at day break, 
or about four or five o’clock, it reaches its maximum. While, 
ho^evier, the land breeze is thus blowing from eleven at night 
to four in the morning, and seeming to indicate .that the air 
is becoming heavier over the land, the barometer on the land 
at Bombay is not rising, as might be expected, but on the 
contraty is falling. Now, that this fall is not attributable to 
an increase of temperature is clear, as during the time the 
thermometer is sinking. And that it is not due to a general 
diminution of atmospheric pressure is to be presumed, because 
the land breeze shews that that pressure is increasing over the 
land. What, then, is the cause of this fall of the barometer ? 
It is, apparently, the reduction, not of general atmospheric 
pressure, but of separate vapour pressure through the deposi- 
tion of dew. 

From ten at night to five in the morning, the period now 
under consideration, radiation of heat dools the surface of the 
and that part of *the atmosphere whkh is near to it, 
ill^t^ently to condense a part of its vapour, without thereby 
tbu temperature, as the cooling effect of radiation is 
the heating influence of condensation of vapour, 
and the n^ipults are the deposition of dew and the reducrion of 

an increase of tempmture. It is, 
lha p^eature of vapour, and not any dlminintion 
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of gaseous pressure, which we presume causes the barometer 
to fall during the time last named. The land wind blows at 
the same time ; because in the absence of the sun the gaseous 
part of the atmosphere continues to cool over the land, and 
the land gases press on the lighter sea gases, and flow from 
the land towards the sea, constituting the land wind, which 
increases in strength with the cooling of the gases over the 
land up to about sunrise. 

Here, then, we see why — when, from the increasing iftrength 
of the land wind, we should expect that the barotneter would 
rise — it falls. We see that the fall of that instrument is a 
consequence of reduced vapour pressure alone, whilst the 
reduction of that pressure does not» prevent the colder gases 
aver the land fiam flowing as a land wind towards the sea, 
whet^ tbej^mosfdieno gases ^ 

The ai^roadr of the morning sun prevents ftirther cooling, 
and his rise soon begins to warm the atmosphere ; the land 
breeze then diminishes in strength, until about ten o'clock, 
when it ceases. But from five to ten in the morning, whilst 
the land breeze is declining through an increase of general 
temperature, and a consequent reduction of gaseous pressure 
over the land, the barometer is not sinking, as might be 
expected, but it is, on the contrary, rising. Whence, then, 
comes the force that is now raising the barometer? It is 
from the increased pressure of the additional vapour which, 
during this time, is prqduced by evaporation from the surface 
of the earth. As the temperature rises in the morning, 
evaporation becomes more active, and additional vapour is 
thrown into the atmospheric space, which adds to the vapour 
pressure. Thus, while one constituent of the atmo^here 
in the locality is increasing in quantity, and adding to the 
pressure, other constituent portions, through a rise 
of temperature, are pressing with diminished force on the 
surface, exhibitmg to us at the same time the apparmit 
contiadietiou of a rising barometer, and an alteration of 
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wind that shews a diminishing atmospheric pressure. These 
phenomena are, however, the natural results of the inde- 
pendent action of the different aeriform substances' that 
. €|)il 3 tlt|tte the atmosphere. 

^ of these constituents exists in the etmii^heric iipace 

es ah independent elastic fluid, the upper part of which 
presses on the lower, the weight of the whdle resting on 
the surface of the globe. When aqueous vapour, one of 
these, 4s increased in quantity by evaporation, its pressure is 
increased, and the whole of the vapour presses on the surface 
with greater force : and a column of mercury exposed to 
this pressure rises to an extent that is proportioned to the 
increase. But at the same time that this is going on, the 
gases, the other constituents of the atmosphere, may become 
warmer and lighter in the part And it is this lightening of 
the gases in the morning, that first reduces the strength of 
the land wind, and finally stops it, whilst the barometer is 
rising from an increase of vapour pressure. 

The independent actions of the constituents of the atmo- 
sphere from four to ten in the afternoon, though the same in 
their nature as those in the morning, are differently combined. 
During this time, cloud evaporation over the land cools the 
gases, and makes them heavier, and vapour pressure must be 
increased by cloud evaporation, w^hilst the small condensation 
of aqueous vapour that is taking place near the surface in 
the formation of dew, is tending to make the atmosphere 
lighter, but the two former are the more powerful influences, 
and the barometer rises. Yet, while this rise is going on, the 
sea breeze is declining, because the cooling of the gases is 
making them heavier over the land. But after ten at night, 
cold ceases to be produced by cloud evaporation, and no more 
vapour is furnished, by that process, whilst the reduction of 
vapour pressure by the deposition of dew continues. The 
reduction of vapour pressure has now superior influence on 
the barometer, and it falls from ten in the evening to four in 
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the morningi althpughi during this time, the gaseous atmo- 
sph^rp must be becoming heavierj from the decKne of tempe- 
r^tu^e. The influence of the cooler^ and thPi^fore heavier, 
W in tbs im^easiug IbHsa 0^ 
up , ; or fite , become suce^iveljr 

s^^ger|)^bilp thevb^^ 

be further observed, that the gaseous atmosphere 
is, ipUbe temperature theory, supposed to be at its mean 
pressure at Bombay, about one o’clock in ttte day, as that 
is the time when the barometer is at its mean elevation, and, 
therefore, when the atmosphere in the locality ought to be 
in a state of equilibrium, and at rest ; but instead of being 
at rest, the sea breeze is then found blowing freely, and 
with increasing strength. At about four in the morning, 
the gaseous pressure is represented as being again at the 
mean, but at both these times wind is blowing strongly. 
Now, if the theory were correct from which separate gaseous 
pressure is deduced, we should have a calm when the 
pressure was at the mean; whereas, at the times which 
have been pointed out, of the computed mean, decided 
winds were blowing. 

And when the air at ten in the morning is found calm, 
we ought to presume, from the existence of that fact, that 
an equilibrium of gaseous pressure is established, such equili- 
brium being the necessary accompaniment of a calm. But 
the separate gaseous pressure, as that pressure is deduced 
from the dew-point, is very much above the mean, seeing 
that it is at, the highest that it attains in the twenty-four 
houi:s^ 

In likp tr^nner, at ten o’clock at night, when the gases 
are at,,r0at» and when therefore they must be supposed to 
be under the influence of a mean pressure,~the amount of 
that a0 deduced from the theory, though not so i. 

great as it, was in the morning^ represented as being much 
above the mean. These facts present strong evidence that 
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the method of ascertainbg the separate gaseous pressure at 
present recognized cannot be a correct one. 

We have already seen reason to believe that the barometer 
attains its greatest height in the morning through increased 
vapour pressure. And it is to be presumed from the stillness 
of the air at the time, that the gases were then really in a 
state of equilibrium ; it will therefore follow, that at ten in 
the morning, the barometer was raised above its mean height, 
solely by the force of increased vapour pressure. A||d at 
night, there is ^another calm, when the barometric height 
is ccnrideraible, approaching diat of the mornings >|nd this 
above the mean mnst in like manner be iiiesumed 
to result, not solely from the cooling of the atmosphere, but 
in addition from the abundant vapour that had been recently 
famished by cloud evaporation. The general conclusion to be 
drawn from all these facts, being, that when the atmosphere 
is in a state of equilibrium, any rise of the barometer above 
the mean level for the locality, climate, and season must be 
produced by increiused vapour pressure. 

Thus we find, that we have only to trace the eflTects of the 
various changes of temperature, arising from the dificrent 
causes that are known to be in operation, on the separate 
constituents of the atmosphere, to perceive with considerable 
clearness, how all those alterations in atmospheric pressure, 
and changes of wind, which appear at the first view so 
incompatible and contradictory, are accomplished. The con- 
stituents of the atmosphere, separately, and independently, 
obey the laws which govern them, and although in so doing 
they may impinge upon, and to some small extent disturb 
each other in their movements, yet the daily fluctuations of 
temperature, which are the primary disturbing causes, are 
suiEciently slow to allow each elastic fluid to act nearly in 
conformity with its own laws. When vapour is, by the alow 
process of evaporation, discharged into the atmosphere, it 
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penetrates the atmospheric mass, ascends, and also expands 
laterally, yet rests on the surface of the globe with its own 
weight alone, that weight being increased or diminished as 
the vapour becomes more or less in quantity. But, in 
spreading laterally, the vapour has not sufficient force to 
impinge upon, and carry along the gases, — it therefore 
does not, in a direct and mechanical way, produce a wind. 
Variations in the temperature of the gases, however those 
variations may be produced, are the great causes of winds, 
inegular and periodical; and these variations may be 
eo^i^ed with an increase or decrease of vapour, in such 
WRjrs as shall, create atmospheric currents, and at the same' 
time affect the barometer in such different modes, as to 
produci all those various and complicated phenomena that 
have, hitherto, baffied inquirers on {he subject. 



ESSAY IV. 


Observations on a Paper entitled “ Some Points in the 
Meteorology of Bombay f read by Colonel Sabine to 
the British Association in 1845, and published in the 
Philosophical Magazine for January, 1846. 

sui^we aiii^ of vapour pressuie, either Juni or 8e^riiteiy, Ao.: 
not produce the fall of the barometer from ten o’clock in the 
nioming to four in the afternoon, may be proved by facta when 
the registration of the wet bulb thermometer is given ; but 
unfortunately this is seldom done. In the Plymouth report 
by Mr. S. Harris that registration is to be found; and there it 
may be seen that the temperature theory does not harmonize 
with the facts. But in the account of the meteorology of 
Bombay, as given by Colonel Sabine, there is no notice of 
that instrument. Vapour pressure, as ascertained by the 
dewpoint, is there exhibited as one of the two causes which 
determine barometric fluctuation, — thermometric temperature 
being considered the other; and these two causes are by him 
represented as sufficient to account for the facts, and form’ 
the basis of his theory, which for convenient reference 1 have 
called “the temperature theory.” 

In remarking at present on the Bombay report, I propose 
to confine myself principally to objections to the theory 
advanced to account for the phenomena, and dp not intend 
to shew in a detailed form -what were the real causes in 
operation, seeing that all the facts required are not fuimished. 
Had an' account of the evaporation that took place been 
given, I . would .have attempted to trace the vapour that 
produced after ten o’clock, until it, was condensed in , the . 
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higher part of the atmosphere and converted into cloud, with 
the effects of that conversion on the barometer ; but without 
the registration of the wet bulb thermometer this cannot be 
satisfactorily done. 

In the report the facts contained in the following table 
are given for Bombay in 1848, — of mean temperature, mean 
barometric pressure, mean teflon of vapour, and' mean 
gaseous pressure at every second hour. 


Hoar of Mean 
BpmbayTIme. 

Tempeiatiire. 

% 

Barometer. 

Dew-pf^t^ or 
Tendon of 
Vaponr. 

Gaaeoof 

Preeeore. 


0 

in. 

in. 

in. ^ 


78.9 

39.778 

0.761 

29,017- 

. 18 

78.4 

39,805 


‘ 39.055 

20^ 

79.8 

29.840 


29.074 

22 

81.8 

29.852 


29.081 

0 

83.3 

29.817 


29.049 

2 

84.1 

' 29.776 


28.981 

4 

83.9 

29.755 

0.800 

28.955 

6* 

83.8 

29.774 

0.802 

28.972 

8 ■ 

81.3 

29.806 

0.801 

29.005 

10 


29.825 

0.780 

29.045 

12 

79.8 

29.809 

0.775 

29.034 

14 


29.786 

0.766 

29.020 


This table commences at four o’clock in the morning, that 
hour being generally one of the turning-points in the semi- 
diurnal movements of the barometer. From four to ten 
that instrument rises from 29.778 to 29.852 inches. Now 
this rise, on the temperature theory, must be considered to 
have been produced either by a reduction of temperature, as 
measured by the thermometer near the surface of the earth, 
or by an increase of the pressure of aqueous vapour, as 
ascertained by the dew-point; or by both those influences 
acting together, and producing the rise of the barometer, as 
a general result, 

We find, however, that daring the first two hours, that is, 
from four to ^ o’clock, tHillhermometer'fell from 78°. 9 to 
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78®.4, being a fall of .6; and the tendency of this fall most 
* undoubtedly was to produce a rise of the barometer ; but at 
the same time the pressure of vapour, as indicated by the 
dew-ppint, declined so much as from .761 to .750, or .011. 
Now this comparatively huge reduction of vapour pressure 
It jeyidaotly the greater two duturbing forces, and 

r^ult of the. acdoa of: bdth ithejfor^ acetwding toi the 
theory, ought to be a fall of the barometer,’^ But instetd of 
falling, the barometer rose during the two houins from ^«778 
to 29.8(^, or .027; shewing that the movement of that 
instrument in this time was the reverse of what would hare 
occurred if the temperature theory were true. 

From six to ten o’clock, the remainder of the first period 
of six hours, the barometer continued rising, and passed 
from 29.805 to 29.852, making a rise in these four hours 
of .047, whilst the thermometer rose from 78®.4 to 81°,8, 
or 3°.4, and the dew-point increased from .750 'to .771, 
or .021. Thus of the whole six hours we find that, during 
the first two, — 

a W of iempetature of .5 r produced a rise of 

and a fail of the dew-point of . 01 1 \ the barometer of ) ' 

^hich would appear to prove, and as far as the facts given 
go, do prove, that the small fall of temperature had the 
greater influence on atmospheric pressure, as the barometer 
rose .027 while both influences were in operation. 

But in the following four hours, from six to ten o’clock, 
a rise of the thermometer of 3®. 4 and a rise of the dew-point 
of .021, were accompanied by a rise of the barometer of .047 ; 
or put into tabular form, say that — 

a rise of tempcfatore of S'*. 4 T prodttco^a rise of 'l 
and of the dew-point of . Om 1 the bafometer of J ‘ 

that is, between four and six oWock, when the fall of the 
dew-point is great compared with the fall of temperature, 
and the two acting together ougW^te produce a fall of the 
barometer, that instrument rises. But between six and ten 
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the temperature increases greatly, as much as nearly seven 
times the amount that it previously fell, whilst the dew-point, 
although it also rises, does not rise to quite double the extent 
that it fell in the two hours ; yet notwithstanding these great 
alterations, amounting to complete reversals of the tyo in- 
fluences that «re in operation, the barometer continues to 
rise, and attains an increase of .t)47. These facts, however, 
taken 'together, shew that temperature, as measured by the 
thermometer hear the surface of the earth, produces Kttle 
comparative effect on the amount of atmospheric pressure; 
and that the alteration of vapour pressure .must have had 
much greater influence than alteration of temperature as 
measured by the thermometer, and must have produced the 
rise of the barometer from six to ten o’clock. 

Proceeding to the next six-hour stage of the daily fluctua- 
tions of the barometer, we find that from ten to two o’clock, 
the first four of these six hours, temperature advances 2^.3, 
and reaches its highest point for the day at the last-named 
hour; and the dew-point, indicating vapour pressure, also 
rises as much as .024. Here it appears that vapour pressure 
increases so much as .024, whilst temperature advances only 
2®. 3; alteration of vapour pressure therefore should, in ac- 
cordance with what had occurred previously, be now more 
powerful than alteration of temperature, and should further 
incrciMte whole atmospheric pressure, and cause the baro- 
metef^^%se higher than the point it had previously reached, 
as the theory we are examining teaches it ought to do ; but 
instead of rising the barometer falls no less than .076; so that 
from six to ten o’clock, whilst — 


a riso of temperature of 3®. 4 
and a rise of the dew- 
point of 021 


jointly produced a 
rise of the baro- 
meter of 


|.047 


in the following four hours, from ten to two o’clock, — 


a rise of temperature of 2^. 3 C produced a fell of ') 

and a rise of the dew-point of . 024 the baroiheter of J ^ 
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vapour pro is relatively weak^ see 
fatftftneter rises; and where it is rd^tiyely strong 
tSe ^tenro df "t)i^ yi^ic^h must 
the tediperatore theory were edrri^t. ^ 

■ from 2 to 4 o'clock p.m. the temperatutie m 

the dew-point rose .005* Thus during^ these iwo hours 
the alterations which took place in both the temperature and 
the dew-point were such as from the operation pf each of 
their influences oughts on the temperature theory, tp have 
caused the barometer to rise. But it did not rise; on the 
contrary it fell, — no less than .021. These facts prove most 
conclusively, that the fluctuations of the barometer in the 
times named were not produced by alterations of temperature 
and of vapour pressure, as they are exhibited to us by the 
thermometer and the dew-point 
It should .be borne in mind, that it is the fall of the baro- 
meter from ten in the morning to four in the afternoon, while 
evaporation, as shewn by the wet bulb thermometer, is active, 
for which we have particularly to account. Temperature rises 
while vapour augments up to ten o’clock in the morning, and 
at the same time the barometer rises ; but after ten, though 
the same two causes continue in operation, the barometer 
falls, and continues falling until four in the afternoo iw. | Ho w 
why should the same causes be supposed to producewjHjMCt 
up to ten o’clock, and another, of an opposite 
six hours after that time ? That is the question which haH to be 
answered. The temperature theory, so far from accounting 
for the occurrence of these phenomena, is directly opposed to 
them, and utterly fails to account for the fall of the barometer 
from ten to four o’clock. 

The alterations which took place in the subsequent twelve 
hours present additional evidence of the inadequacy of the 
temperature theory to account for the semi-diurnal fluctua- 
tions of tb| barometer ; but as they are not equally pidf^ble 
with tiiose already examined, it is unneccessary to go frito a 
consideration of them. 
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In furnishing such accounts as those of the meteorology of 
Bombay^ that which is required in order more fully to eluci- 
date the subject is^ that in addition to the usuid registrations 
the (^perature of the wet bulb thermometer should be given. 
This would enable us to trace the vapour that is thrown by 
evaporation into the atmosphere in the hottest part of the 
day. Could we do this, there seems no doubt that it would be 
found ascending^ in the atmosphere until it becam'e condensed 
and formed cloud; and the heat liberated by this condensa- 
tion, as I have elsewhere explained, is the real cause of the 
diminished pressure of the atmosphere in the locality during 
the six hours that the barometer falls. 

In a note appended to the paper published in the Fhiloso- 
sophical Magazine for January, 1846, Colonel Sabine gives an 
extract from a paper received from M. Dove, which is stated 
to have been read in the Academy at Berlin, in which it is 
said that at Catherinenbourg and Nertchinsk, on the mean 
of several years, and at Barnaoul, in the years 1838 and 1840, 
the mean diurnal barometric curve itself exhibits but one 
maximum and one minimum in the twenty-four hours ; the 
maximum coinciding nearly with the coldest and the minimum 
with the hottest hour of the day.” But the Colonel afterwards 
shews from other accounts, that there is a very small morning 
maximum in the locality named, which occurs between the 
hours of 8 and 11 a. m. Tins he attributes to the pressure of 
additional aqueous vapour, and he seems to think such a fact 
confirmatory of the correctness of his views. If -however an 
increase of vapour up to eleven o’clock could raise the baro- 
meter, why should not that instrument rise further after that 
hour? Had we a registration of the wet and dry bulb 
thermometers, and of the dew-point, it is to be presumed 
that proof would be furnished that evaporation was more 
active after eleven than it had been before that hour, and 
that there was no decline of the dew-point until a much later 
})eriod of the day. The vapour that must be presumed to 
2a 
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have passed into tbe atmosphere ip the hottest part of the 
either have added to the previous pressure on the 
ifud raised it^ or it must have been condensed^ and 
r mraed the higher part of the atmosphere. As it did not 
produce the former effect^ in the absence of information we 
* may assume that it produced the latter. 

In the extract given from M. Dove’ij communication we have 
no account of the daily range of the bdrometer, or of the extent 
of its fall during the day, though that is the most interesting 
fact to be ascertained. This is to be regretted. If a sun-heated 
surface is the cause of the atmosphere becoming so much 
lighter in the day than it is in the night, the atmosphere at 
the places named by M. Dove ought to be rendered much 
lighter every day than it was in the previous night, seeing 
that the temperature of the day is raised greatly above that 
of the night; the daily range of the barometer should con- 
sequently, on the Colonel’s theory, be extensive. Is it so ? 
If it is not, it is so far evidence against the theory. 

It is stated in the Russian account, that in the places pointed 
out there is one maximum and one minimum, the maximum 
nearly coinciding with the coldest, and the minimum with the 
hottest hours of the day. And the conclusion drawn seems 
to be, that alteration of surface temperature is the sole cause 
of the movement of the barometer: hence the desirableness 
of shewing the extent of that movement. If it be great, it 
will so far shew that the heating of the surface of the earth by 
the sun could materially diminish atmospheric pressure. But 
if the daily movement of the barometer is found to be small, 

' it will present presumptive evidence that daily surface-heating 
has no important local effect on the weight of the atmosphere, 
A full account of the registrations in this part of the world 
might furnish the means of proving either the correctness 
or the fallacious nature of the temperature theory, to whicli 
objections have been here advanced. 



ESSAY VI. 


On the Hourly Alterations of the Vapour Atmosphere at 

I have already availed myself of the observations made at 
Bombay under the superintendence of Dr. Buist, through a 
paper .on the meteorology of that place by Colonel Sabine. 
But since those remarks were written, I have had transmitted 
to me, through the kindness of Colonel Sykes, a lithographed 
copy of the observations themselves, in which are to be 
found important facts connected with the hourly production 
of aqueous vapour at Bombay, and its apparent influence on 
the movements of the barometer. 

In addition to the hourly registrations of other meteoro- 
logical instruments, Dr. Buist has furnished columns of the 
heights of the wet and dry bulb thermometers, shewing the 
hourly depression of the w6t below the dry thermometer for 
cacli month of the year 1843. From these columns, it appears 
tliat the wet was depressed below tlie dry instrument, to a 
certain extent varying both with the time of the day and the 
season of the year. The depression was the least in the wet 
season and the greatest in the dry one ; and, with reference 
to the diurnal changes, the depression was generally, but 
not uniformly, the least about sun-rise and the greatest near 
to mid-day. These depressions of the wet below the dry 
thermometer are known to be results of the cooling power of 
evaporation of water on the bulb of the wet instrument; and 
the cooling thus produced is proportioned to the extent of 
evaporation of water that takes place; being small when the 
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evaporation is little, and great when it is much. Thus the 
registration of the wet butt> thermometer not only furnishes us 
with means of determining how far evaporation kept down the 
'^mp^ratture'of the thermometer exposed to its influence, but 
aiab of ascertaining what were the relative amounts of water 
' :evliporated during the difierent portions of the time, — the 
cooling being the effect of the conversion of certain quantities 
of water into aqueous vapour, and being in every separate 
part of that time proportioned to the quantity converted. 

We have also in a separate column of Dr. Buist’s returns, 
the difference between the dry and the wet thermometers; and 
this difference may be taken to express the relative quantities 
of water evaporated, and the force of evaporation. From 
about six in the morning, varying with the season, this differ- 
ence generally increases until, say twelve or one o’clock in the 
daj, when it declines until the following morning. 

As already stated, evaporation is less in the wet than in 
the dry season; and there is also less difference between the 
morning and mid-day force of evaporation in the former than 
in the latter season. The cold part of the year is the period 
for the land and sea breezes, and also for the extensive daily 
fluctuations of the barometer; and Dr. Buist says that this 
season lasts five months, namely, during October, November, 
December, January, and February, forming the winter of the 
part. But of these October is wavering and uncertain ; we 
may therefore consider the other four months as the season 
when the sea and land breezes blow in the most decided 
manner, and in which the greatest daily fluctuations of the 
barometer take place; it is consequently desirable that we 
should carefully examine the returns for the whole of these 
months. To do this, we will take the mean hourly difierence 
between the dry and wet thermometers for each month, and 
by adding them together and dividing by four, obtain the 
mean hourly force of evaporation for the winter season. This 
I have done, and the result is given in the following table, 
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which are added in other columns the mean hourly heights 
of the barometer, thermometer, and wet bulb thermometer, 
for the same period, that the whole may be seen at one view 
in juxtappsition. The same facts are shewn in*a diagram,* 
in which the curve of the wet bulb thermometer is exhibited 
in accordance with the figures of the table; and also as a 
base line, from which the distance of the dry thermometer is 
shewn, the intermediate space marking the relative force of 
evaporation in each hour of the day. 

Table of the Mean Hourly state of the following instruments, 
and of the force of evaporation for the four winter months 
of 1843. 


Hours. 

Barometer. 

Thermometer. 

Wet bulb 
Thermometer. 

Evaporation. 

4 A.M. 

29.838 

7^9 

68.4 

0 

6.5 

5 

29,848 

74.6 

67.8 

6.8 

U 

29.867 

74.1 

67.4 

6.7 

7 

29.889 

73.6 

67.3 

6.3 

8 

29.911 

74.9 

68.1 

6.8 

9 

29.928 

77.0 

68.9 

8.1 

10 

29.928 

78.4 

69.1 

9.3 

11 

29.911 

79.6 

69.4 

10.2 

12 

29,884 

80.8 

69.5 

11.3 

1 P.M. 

29.853 

81.6 

70.4 

1K2 

2 

29.827 

82.2 

71.9 

10.3 

3 

29.817 

82.2 

72.6 

9.6. 

4 

29.815 

81.9 

72.8 

9.1 

5 

29.817 

81.0 

72.4 

8.6 

6 

29.835 

79.6 

72.2 

7.4 

7 

29.854 

78.8 

71.9 

6.9 

8 

29.874 

1 78.4 

71.6 

6.8 

9 

29.886 

1 77.7 

70.9 

1 6.8 

10 

29.887 

76.9 

69.8 

7.1 

11 

29.881 

76.4 

69.2 

7.2 

12 

29.873 

76.1 

69.0 

7.1 

1 A.M. 

29.862 

76.0 

69.2 

6.8 

2 

29.848 

75.7 

68.9 

6.8 

3 

29.841 

75.3 

68.5 

6.8 


By examining this table, we may see that evaporation at 
four in the morning is 6®, 5, from which it rises, until at ten ^ 
o’clock it is 9®. 3, being an increase of 2®, 8; and dujcing this 


Pitted. 
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barometer is admitted to be raised to the beig^ht that 
inches, through the pressure of tKe vaj^ur 
' has been recently produced by evaporation and tbtblvn 
Sato the atmbsphere. 

- From ten to twelve o’clock, evaporation, as measured by 
the difference between the two thermometers, increases up to 
11^.8, being a further rise of 2®; but at the same time the 
barometer, instead of rising higher, as might be expected, 
falls no less than .044, as by that hour it sinks to 29.884 
inches. 

Evaporation becomes rather less active after twelve o’clock ; 
but it still shews great force, and continues to exhibit it till 
four o’clock, at which time it is 9®. 1, being only .2 less than 
it was at ten in the morning. Yet during the whole of the 
time from ten in the morning to four in the afternoon, when 
evaporation was so energetic, the barometer was falling, and 
sank no less than .113. What, then, became of the vapour 
that was produced and discharged into the atmosphere within 
this period? The quantity passed into the atmosphere in 
the six hours must have been large, it being the product of 
an average evaporation of 10*^. 3 for the whole time; whilst 
the average for the previous six hours was only 7®. 3 when 
the barometer was rising. Now, can it be supposed that a 
comparatively small additional quantity of vapour raised the 
barometer considerably from four to ten in the morning, and 
that a further large addition to that quantity, acting in the 
same way from ten to four in the afternoon, noj only ceased 
to raise it, but was attended by a fall of that instrument, to 
an extent greater than the previous rise, — without some other 
cause coming into operation ? It cannot be maintained that 
the increase of surface thermometric temperature had but 
little counteracting effect before ten, and great counteracting 
pffect after that time until four o’clock. For the rise of the 
thermometer from four to ten in the morning was little less 
than it was from ten in the morning to two in the afternoon, — 
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the time of the highest temperaturei~it having risen as much 
as in the former^ and only in the latter period. 
Apd it should be remembered that evaporation from ten. to 
four was constantly adding fresh vapour to that which was 
previously in the atmosphere, where the whole was accumu- 
lating, and pressing wit;h its aggregate weight on. the baro- 
meter. There is, therefore, in the facts presented to us in the 
tables, no countenance for the supposition that temperature, 
as measured by the thermometer near the surface of the earth, 
counteracted the increase of vapour pressure after ten o’clock, 
and caused the fall of the barometer. 

It is however sufficiently evident, from the facts given, 
that the vapour produced in the morning constituted the 
material which supplied the heat that at this time rendered 
the atmosphere warm and light in the locality, and caused 
the barometer to fall. 

When the sun advances above the horizon, it warms the 
surface of the globe, and not only increases evaporation of 
water, but heats- that portion of the atmospheric gases that 
is near the surface, — which portion rises probably in sepa- 
rate streams or columns, — cooler columns at the same time 
descending to the surface and taking the place of the warmer. 
This proce’fes goes on as the sun rises higher, until at some* 
particular time, depending on the locality and season, the 
ascending columns reach a height sufficient to enable the 
expanding gases to cool and condense some of the vapour 
which is intermingled with them. This ordinarily takes place 
from nine to eleveji o’clock, or say at ten in the morning, 
iVom which hour condensation is wanning the atmospheric 
mass in the locality. This warmed mass, a mixture of gases 
and vapour, as it ascends, is acted on by the different laws of 
cooling, of condensation, and of expansion by heat, which 
the constituent parts of the atmosphere obey; and the result 
is the formation of a buoyant column of cloud, of greater or 
less thickness, according to the quantity of vapour that has 
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been condensed. The <?hole local column being thus made 
lighter by. the liberated heat, it presses with less force on 
the surface of the earth, and consequently on the barometer. 
This diminished pressure is however effected through the 
liberated heat driving a portion of the material of the atmo- 
sphere, the gases, from the heated part to other parts of 
the atmospheric space; and thus we find that the heat just 
liberated by the condensation of vapour counteracts the in- 
creased pressure of the aqueous matter, which is at the same 
time passing into the atmosphere in the form pf vapour. For 
it is here contended that the vapour that had been produced 
from four to ten in the morning, is, soon after the last-named 
bour^ not only raised but condensed, — deprived of a part of 
its heat, and converted into minute particles of water, which 
fioat in the gaseous atmosphere as a cloud; and as such, 
undoubtedly form a part of the whole atmosphere and con- 
tribute to its weight. It is not therefore through a reduction 
in the quantity of aqueous matter in the local atmosphere, at 
this period of the day, that the barometer falls ; but that fall 
is caused by the expanding power of liberated heat driving 
from the heated vertical column a part of the ponderable 
gases which previously existed within it, and, in that way, by 
Removing a part of the material of the atmosphere, causing the 
remainder to press with less weight on the barometer. 

The quantity of vapour that passes daily into the atmosphere 
while the temperature is rising, and which does not fall as 
rain, is returned to the earth as dew on its surface ; and thus 
an equilibrium is established between thejproduction and the 
condensation of vapour ; but this does not take place during 
the period of which we have been treating, that is to say, from 
four o’clock in the morning to four in the afternoon. Vapour 
is not daily abstracted from the atmosphere by the formation 
of dew on the surface of the earth, until the barometer ceases 
to fall at four o’clock in the afternoon. At preset we have 
to consider the influence of vapour during two periods of six 
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hours each, — that in which the barometer is rising from four 
to ten in the morning, and that in which it is sinking from 
ten to four Jn the afternoon: and it has been shewn that 
aqueous matter, during the whole of this time was increasing 
in .quantity and accumulating in the atmosphere; and as 
far as that matter influenced the atmosphere, it must have 
increased its weight. The aggregate pressure of aqueous 
matter did not cease to increase at ten o’clock in the 
morning, when the barometer began to fall; that fall was 
produced by a new cause which then came into operation 
in the locality, namely, the expanding and displacing power 
of liberated heat. 

It will probably be asked, whether cloud forms near to, or 
over Bombay, after ten o’clock, and increases till four, as 
assumed ? and to this inquiry I cannot give an answer that 
is likely to be quite satisfactory, not having full informa- 
tion on the subject. Dr. Buist, in his introductory remarks, 
does not particularly notice the formation of clouds within 
that portion of the day. In the hourly-observation tables 
there is a column for describing the appearance of clouds; 
and the entries in that column shew that the cumulus, the 
cirro-cumulus, and the cirro-stratus were often formed, but 
they are not described in such a way as would justify me in 
adducing them as proofs of the agency here ascribed to them, 
although they do furnish rather strong presumptive evidence 
on the subject. 

Clouds are said to form pretty freely from ten in the 
morning till four in the afternoon, whilst from ten at night 
to four in the morning the atmosphere is represented as 
being generally clear: and taking the accounts given of 
the clouds during the two periods, we are fully authorised 
to say that they formed and remained suspended in the air 
during the former period, and were dissolved before the 
arrival of the latter period; shewing that there was daily 
2b 
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formation of cloud by condensation of vapour, and daily 
dissipation of those clouds by evaporation. 

But in addition to the daily formation of visible clouds, 
|here are indications that condensation takes place, but only 
i ^ w an extent as to produce a haziness olp misty app^- 
vii^e in the sky; and if this process is carried on until a 
considerable height is attained, it must warm the atmospheric 
mass and lighten it. Indeed, at the commencement of the 
process of gradual condensation, the cloud that is thereby 
formed is not seen ; as it is only when a sufficient stratum of 
floating globules of water is produced that the cloud becomes 
visible. The first slight falling of the barometer before rain 
is probably caused in this way. 

Judging from analogous cases, it may be presumed that 
palpable daily clouds at Bombay were first formed near the 
high ground to the east of that place, as such clouds in other 
similar places generally form near to, or against the sides of 
hills. Our old navigators have described such formations in 
many parts of the world; but the following account given by 
Hutchison of Glasgow, contains a description of that which 
ordinarily takes place in localities similar to that of Bombay, 
although the distance of the mountains from the places of 
observation in the two cases, and the influence of the trade- 
winds, may modify the process. Mr, Hutchison says that the 
formation of clouds is finely illustrated by the phmnomcna 
daily exhibited during the dry season over what are called the 
Liguana, or Port Royal Mountains, in the island of Jamaica. 
These mountains are situated about four or five miles to 
the north-east by east of Kingston, the principal port in the 
island, and their height above the level of the sea is about 
4000 to 5000 feet. During the dry season, from the beginning 
of November till the middle of April, the sea and land breezes 
alternately succeed each other with an intermediate interval of 
atmospheric stillness, in the following manner. From sun-rise 
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till about ten o’clock in the forenoon it is usually perfectly 
calm. About ten o’clock, the sea breeze, blowing at Kingston 
from the east, or a little to the south of east, commences and 
continues till about half-past three in the afternoon, when 
it gradually and entirely subsides.” Again, — About eleven 
o’clock every forenoon, or between that and mid-day, the 
sumtuits of the Port Royal Mountains begin to be covered 
with clouds, which, though thin, fleecy, and transparent at 
first, gradually increase in density till about one o’clock. By 
this time the upper portions of the mountain, when viewed 
from Kingston, seem to be wholly enveloped in dense clouds, 
rain is apparently falling in torrents, flashes of lightning are 
seen, and the sound of distant thunder is heard. About 
half-past two o’clock in the afternoon, the clouds, gradually 
diminishing in density, begin to quit the mountains ; so that 
their summits again become visible, as in the morning, and 
so continue till about eleven o’clock the following day. The 
clouds, after quitting the mountains, rise gradually to a greater 
altitude, and float very slowly westward, assuming as they 
proceed the appearance of large heaped-up cumuli.”* 

The general trade-wind about Jamaica was from the east, 
and it bore the ascending clouds to the west in the afternoon : 
the trade-wind at Bombay was ordinarily from north of west, 
and it would doubtless modify the influence of the mountains 
on the clouds formed in the part. Were meteorological instru- 
ments corresponding with those kept at Bombay placed to the 
east of that place at the rise of the hills, and registered in 
the same way as at Bombay, it would probably throw further 
light on the daily atmospheric disturbances in this part of the 
world, and enable us to form a better judgment of the altera- 
tions which take place in other parts. The daily range of 
the barometer at Poonah, which is on the eastern side of the 

* Hutchison on Meteorologjpftl Plicenomena, p. € 4 . 
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ridge of the Ghauts, and far from the sea, is about as great 
as it is at Bombay. There can be no sea breeze at Poonah, 
as the mountain range is between it and the sea; but are 
not diurnal winds of similar character to those on the 
Corre^onding registrations at Poonah, Bmnbay, and 
' KKtne intervening place on the west of the Ghauts, m%ht 
iiimish valuable additions to our stock of meteorological in- 
formation, and enable us to trace the operating causes as they 
pass from one meridian to another, and might thus furnish us 
with more conclusive evidence of the nature and causes of the 
hourly alterations which occur in the atmosphere than , any 
that can be adduced at present. 



ESSAY VII. 


On the Formation of Dew. 

The nature of Dew and the mode of its formation have 
long engaged the attention of inquirers, and many specula- 
tions and opinions have been advanced respecting it. It is 
common to speak of the rising of the dew — some parties 
maintaining that it rises from the earth. Others have con- 
tended that it falls from the sky; and this latter view is 
countenanced by the common way of speaking of falling dew. 
A paragraph lately appeared in the public newspapers, stating 
that “ a French savant has recently published two letters to 
prove that dew does not arise from the earth, or fall from the 
sky, but is formed by the elastic and invisible vapour diffused 
throughout space, which surrounds bodies.” 

The labours of Dr. Dalton, Wells, and others, have thrown 
much light on the nature of dew ; but the attention recently 
bestowed on meteorology, and the large mass of facts accumu- 
lated relating to it, may possibly enable us to obtain a more 
full view of the phenomena attending the formation of dew 
than had been previously presented. 

Those who were of opinion that dew rose from the earth, 
did not maintain that it came thence in the form of globules 
of water, as it is seen by us, but that the aeriform material of 
which it is constituted was supplied directly from the earth. 
And those who asserted that the dew fell, assumed that it was 
formed from vapour at some height in the atmosphere, whence 
it descended to the surface of the earth. Thus the idea, that 
dew is formed from “ the elastic and invisible vapour” of the 
atmosphere, advanced by the French savant, is an old one — 
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the different opinions which then existed having reference 
merely to the manner in which the liquid dew was formed 
from the vapour. 

In this, as in many other cases, disputes appear to have 
arisen from the same word having been used .to express different 
. ideas. The word dew is sometimes used to express the drops 
water on the leaves of grass, as, in speaking of the dew 
r Qh i^egras^^ meaning the drops of water that under certain 
circumstances are found on grass. At other times it is meant 
to convey the idea we have of the small globules of water 
that float in the air near to the ground, and then the word is 
synonymous with ^‘low mist;” whilst it is occasionally spoken 
of as the aeriform material from which both the drops and 
globules are formed, and is then used to designate the aqueous 
vapour itself. 

Dew and mist are formed from the aqueous vapour that 
exists in the atmosphere, by a degree of cold that is sufficient 
to produce condensation of a part of the vapour. The two 
names designate, not different substances, but the same sub- 
stance produced in different ways. Dew has, therefore, to be 
distinguished from mist only by the mode and place of its 
formation, and the shape in which it exists. 

Heat is found to leave all substances by radiation. In the 
middle of the day, under ordinary circumstances, the radiant 
heat received from the sun more than counterbalances the loss 
of heat radiated from the earth ; but as the radiated solar 
heat diminishes on the approach of night, terrestrial radiation 
continues, and reduces the earth’s temperature. And when 
the temperature of the earth and the air that is near to it arc 
thus reduced below the point of condensation, or the dew- 
point, a part of the aqueous vapour of the atmosphere close 
to the surface of the earth is condensed, and forms particles 
of water so minute as to be sustained by the atmosphere, 
and may therefore be called mist or floating dew.” As, in 
the absence of the sun, the cooling influence of terrestrial 
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radiation increases, more vapour is condensed, and the con- 
densation takes place at a greater distance from the earth’s 
surface. This extension of condensation may seem to an 
observer to be a rising of the dew, because it will appear 
successively at greater distances from the surface; yet the 
floating globules may not really have risen, but, from the 
operation of the causes just pointed out, may have been all 
formed in the part in which they are seen, the apparent 
rising of the dew being a deception. Wherever aqueous 
vapour is condensed into water, heat is liberated, and this 
liberated heat may possibly expand the air in the locality 
suflficiently to cause it to ascend and carry the floating dew 
with it to a greater height. In this way the dew may really 
rise, if a suflGcient amount of heat be liberated. When the 
dew extends to a moderate height it is generally called mist, 
and ma}' frequently be seen filling our valleys, and at a 
distance looking like water. 

What is called ^'falling dew” may be often felt -in the 
evenings in this part of the world. But it is very cominon 
in the latter end of summer and in autumn in calm weather, 
and appears to be produced in the following way. During 
the hotter part of the day, and until about four o’clock in 
the afternoon, the heat of the sun raises vapour to the higher 
part of the atmosphere, and forms cumuli or day-clouds. 
Soon after this time these day-clouds begin to evaporate, and 
(onsequently to cool the atmosphere in the part. The por- 
tion of the atmosphere thus cooled is thereby made heavier 
than adjoining portions at the same height not similarly 
afrected — the previous equilibrium of atmospheric pressure 
is then destroyed, and the cooled part sinks to a lower level. 
As evaporation of the cloud proceeds greater cold is produced, 
and by the time that the whole of the cloud is evaporated, 

I he mass of air is so much cooled as frequently to become 
heavy enough to sink to the surface of the earth, where* it 
e. Dsiitutes the cold air that is often felt in the evenings 
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sitcceedii% warlb days in the summer and autumn; — in some 
plates' known as the land breeze. When thu day-cloud is 
very large, the atmospheric mass is sometimes sufficiently 
cooled to cause it to descend to the surface of the earth, 

• before the globules of the water constituting the cloud are 
all evaporated. These globules are then found floating in 
the lower air, and any object passing through them is soon 
wetted by them as if by rain, though they do not, like 
drops of rain, fall freely to the ground. In Lancashire, in 
the month of September, the clouds raised daily from the 
Irish Sea frequently descend in the evening to the earth, 
and they are abundant over the lower levels, particularly on 
the river Mersey, where they are well known to boatmen 
Under the common appellation of falling dew,” and are 
Remarkable for their intense cold, the effect of previous 
evaporation of a portion of the cloud in the higher part of 
the atmosphere. As these masses of floating particles of 
water are formed in the higher part o^ the atmosphere, they 
are in their origin clouds, though called floating dew when 
they reach a low level. It is obvious that either the floating 
dew formed near the surface, or this “ falling dew,” if carried 
along by a light breeze, will impinge upon, and attach to, any 
projecting object. In like manner, persons passing througli 
a mass of this nature, come in contact with the globules and 
are wetted by them, as is well known to coachmen, boatinen. 
and other persons similarly exposed. 

But dew also forms on objects by a process differing fiorn 
those just named, and this dew is found attached to difibrcni 
substances in very unequal quantities. The daily clouds ar<; 
often evaporated early in the evening, and the sky left clear, 
yet highly charged with transparent aqueous vapour. Ai 
such tithes, radiation of heat cools the surface of the eartii 
until its temperature sinks below the dew-point of the atmo- 
sphere, when that part of the vapour which is in contact witl\ 
the earth is coindensed into water, and becomes liquid dew, 
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As the earth is successively cooled by radiatioir below the 
(lew-point of tlie air, more dew is deposited, until in this 
way a considerable part of the vapour of the lower portion 
of the atmospln re may be abstracted from it, and collectfed 
on the surface in the form of water. 

A Frencli cht inist, C. A. Prieur, has maintained,^ that 
tlie moisture deposited on bodies soon after sunset is not the 
same with th.it we find On them again at sunrise. There is 
consequently (he says) an interruption in the plienomenon — 
an evaporation of the serein or evening dew, and a new 
production in the morning, rosc^^c.” 

It has been shown that what is called evening -dew is 
often descended cloud, and it is commonly found only for 
a short time after the sun has set, as it soon evaporates or 
is deposited. The cold, too, produced by the evaporation 
of the cloud, ceases in a short time to be experienced, 
and a period then occurs, comparatively warm, when eva- 
poration from the surface may be renewed. But, in the 
absence of cloud, radiation cools the surface, and acts with 
increasing cfTcct upon it until some time before sunrise, 
when the surface is cooled to the greatest extent by radia- 
lioii, and much dew’ is deposited. But morning — thus 
'>c‘|.)aratcd from evening — dew, by the time of its formation, 
is produced by the cooling influence of radiation from 
tlui suri’aco of tlic eartli; whilst tlie falling evening dew 
i descended cloud brought down by the cold of cloud 
^ xaporatiou. 

'I'he circumstances favourable to the formation of dew, 
are, an abundance of aqueous vapour in the air, and a clear 
The dew-point over the Mediterranean is sometimes 
is high as 75^, and the transparent vapour of the part so 
cuTumstanced will, by diffusion, and the action of gentle 
l)r(‘czes, be conveyed to the adjoining countries, where clear 
Ides and great radiation condense large portions of the 
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vapour as dew, which supplies to a considerable extent the 
place of rain in supporting vegetation.* 

It is well known that heat radiates from the surfaces of 
all substances, but more freely from some than from others. 
That which radiates from the surface of the earth, when the 
atmosj5here is clear, seems to pass into space, and is lost to 
our planet; such radiation, therefore, cools the surface of 
the earth on a clear night. But on a cloudy night, the 
* clouds may return nearly as much heat to the earth as the 
earth radiates, leaving the temperature almost undisturbed 
from that cause. Indeed, it is conceivable that at times 
the radiation from tlie cloud may be even greater than that 
from the earth. A newly formed cloud is warmer than dry 
air at the same height, and the radiation from the cloud is 
proportioned to the temperature; it is therefore conceivable 
that the earth may be cooled down to a low degree, and then 
a warm cloud be formed over it, when an excess of radiation 
from the cloud would warm the earth. But, whatever may be 
the temperature of the cloud, it will radiate heat downward 
in proportion to that temperature, and counteract to a greater 
or less extent the cooling eflect of radiation from the surface 
of the earth : whilst in a clear sky there is no such return 
of heat, and therefore in such a sky radiation cools the 
earth’s surface. 

On the earth being thus cooled to a temperature below 
the dew-point of the atmosphere, a part of tlie atmospheric 
vapour that rests on the earth will be condensed and form 
dew, as already described. But it is found that this dew 

* Thus, in a work entitled Adventures in the Ljjhian Desert, it is stato<l tliat- 
Id the Oasis of Siwah it is cei^ain that there were heavy falls of dew <luniii:r 
our short stay. At sunrise the thermometer generally stood at about 64^', risini' 
to 92°, 96°, and 105°, a little after noon.” And Boussingault says—** In verv 
hot countries it is rare to be out in a cleared spot, when the night is favourable 
to radiation, without hearing drops of water, produced hy the copiousness of tlir 
dew, falling from the trees. I have never had occasion to see more copious deu s 
than those which occasionally fall in the steppes of St. Martin, to the east of tlu 
Eastern Oordilleras, and at a very great distance from the sea.”— P. G60, 
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docs not form equally on all substances, because different 
substances radiate heat with various degrees of force, and 
a scale may be formed of these substances, showing their 
radiating powers — as, say. Wool, Cotton, Down, Grass, 
Leaves, Sand, Glass, Porcelain, Varnish, Wood, and 
Metals. 

From this scale it appears that the best radiating bodies 
are organic and silicious, and this is more particularly the 
case when they present large surfaces, from which the 
heat can pass freely. Any thing that tends to compress or 
condense the substance into a more compact body, injures 
its radiating power. Thus a loose fleece of wool, if com- 
pressed into a comparatively solid mass, will not radiate 
equally well; whilst polishing a piece of metal will deprive 
it of a portion of its radiating power. 

Why there should be this difference in the radiating 
powers of substances, we do not know. There seems to 
be some relation between the conducting and radiating pro- 
perties of various bodies, the best conductors being the worst 
radiators. The extent of surface also appears to have con- 
siderable effect, as the greater the surflice the greater the 
radiation; hence the large amount of radiation from leaves 
of trees and grass. 

Counter radiation lias, however, wherever it takes place, ' 
its full degree of effect in producing the general result. The 
under sides of the upper fibres of loose wool and leaves of 
trees, like a cloud above the earth, will radiate heat down- 
^vards, and to a proportionate extent counteract upward 
radiation from lower objects. 'And any contiguous lateral 
substance wdll have a similar effect, as it will reciprocate 
the radiation. A covering of the slightest kind may thus 
counterbalance the upward radiation. 

lladiation of heat is, then, the cause of that cooling of 
iho surface of the earth during the night which takes place 
iuder a clear sky, and that produces liquid dew on the 
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earth: but the cooling thus produced is not equally groat 
in all parts under apparently similar circumstances. It is 
the greatest in the interior of large continents, and more 
particularly where there is a very dry atmosphere, as in 


parts of Russia, the Desert of Bokhara, the great Desert 
of Nortiieni Africa, and other similar parts. Accounts of 
irmveJhrs in such places represent the cold produced in them 
radiatiofi during clear nights, as being more intense than 
i» ot^ Mantric* hairing a damper atmosphere. The cause 
•f aStnoat it, however, not to be sought for in any 

P *^.,^*f****** iiliBO^Iierc ill diy diao in damp 

^ ftet || nOur tl» wnm at thi^ tbe air 
IrlMMwIiat detrar in tiw damp coiutries; but in a 
BWI #litcb» wben dew is formed, always counteracts to a 
du extent the cooling effect of radiation. 

When radiation cools the surface of the earth so much 


as to condense and liquefy some of the aqueous vapour that 
is in the air, that liquefoctioii liberates much heat : and this 
heat lends to warm the part that is in course of being cooletl 
by radiation. There is, then, a double process going on at 
the same time and in the same place. Radiation is cooling 
tbe part, whilst liquefaction of vapour is wanning it; ah.;, 
under these circumstances, it is only to the extent that tin 
influence of the former exceeds the latter, that cooling i ■ 
accomplished. When there is much vapour in the atni j 
sphere, much of it is soon liquefied, and the cooling elli 
of radiation is thereby counteracted to a great extent; wlicu 
there is little vapour, there is less liquefaction of tl»at vapour 
and cooling is consequently* less counteracted. And wluur 
the atmosphere is so dry as not to admit the liquefaction ol 
any vapour from the degree of cold that exists, radiation ju'.)- 
duces its effect without being in any degree counteracted by 
recently liberated heat. 

In such dry deserts as those referred to, the cold in tin 
• early part of the night, when it produces dew, produces 
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only on the host radiators, which arc generally the few 
vegetables that are found in the deserts; and, as the cold 
increases, worse radiators have dew deposited on them suc- 
cessively in th( order of their radiating powers. 

Jn our own country, from the operation of the cause 
here pointed out, radiation does not produce that intense 
cold in the early part of the winter, when the dew-point is 
comparatively Iiigh, that it does at a later period of the 
season, when the dew-point is very low. In the latter part 
of the winter, as there is not sufficient vapour to permit much 
of it to be liquefied by the cold of radiation, that cold may, 
and frequently does, go on increasing without counteraction 
during the absence of the sun. 

Thus we find that vapour, when condensed into liquid hf 
cold, always gives out heat ; whether it is in the formation of 
the cumulous cloud in the higher regions of the atmosphere, 
in producing mist near the surface of the earth, or in the 
production of dewdrops on the surface, the same effect is 
experienced ; and, wherever heat is liberated, it must have its 
degree of inllucncc in counteracting the cold of radiation. 

It lias been stated, that ‘‘metals give to glass near which 
ihey are. placed, the property of more speedily attracting 
caloric from hot air; tind, on the contrary, that of yielding it 
tnore speedily to cold air,” because a mercurial thermometer 
.icconuuodatcs itself to a higher temperature sooner than an 
-'ir thermometer. But this may be because the heat which 
pc.sscs into the glass tube of the thermometer is rapidly 
iibsoihed hy the mercury. In like manner, when placed in 
a cohhn- medium, the heat of the mercury is conducted to the 
umer surface of the glass tube more rapidly than is the heat, 
>1’ the inclosed air; the mercury therefore cools quicker than 
the air. But these results are consequences of mercury 
bi'iiig a better conductor of heat than air is. And ^lien a 
piece of foil is placed on the inside of a pane of glass, the 
• utside of the glass opposite the foil is not so soon cooled 
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by radiatioBi because the metal furnishes heat to supply the 
place of that lost by radiation from the glass. 

We may then say that falling dew'' is produced by 
tbe descent of the cumulus or day-cloud, which, cooled by 
evaporation in a higher part of the atmosphere, sinks in the 
evening to the surface of the earth. Floating dew is found 
in parts which have much vapour in the air in proportion to 
the temperature, along with a clear atmosphere, and when, 
consequently, radiation from the surface cools the atmosphere 
contiguous to it, and condenses a portion of the vapour which 
the air contains into minute globules of liquid, which are sus- 
tained by the elastic force of the air ; whilst dew^ properly 
so called — that which is found attached to various substances 
Ih the form of drops — is a result of the cooling of certain 
bodies below the dew-point of the atmosphere by radiation of 
heat from those bodies, and a consequent condensation and 
abstraction of some of the vapour which the air resting on 
them contained. And the more any body is thus cooled, the 
greater will be the quantity of dew deposited on it. In the 
two last-mentioned modes, dew supplies to a certain extent 
the place of rain. Where clouds are freely formed, rain falls 
on the earth to some extent; but when rain is absent, and 
the sky is cloudless, radiation of heat,* by cooling and con- 
densing vapour, gives some moisture to the earth. Thus 
the sands of Africa and Asia, which are never visited by 
rain, have their scanty Vegetation supplied with a certain 
amount of that moisture which is so essential to the life of 
organized beings. 



ESSAY VII. 

On the means of computing the quantity of Aqueous Vapour 
in a Vertical Column of the Atmosphere. 

If til ere were an empty atmospheric space over the 
wsurfacc of our globe, the vapour which would arise from 
water by the process of evaporation, would, by its elastic 
force, expand upwards, and constitute an afmosphere of 
pure vapour, of a height and density that would be deter- 
mined by the temperature. As explained by Dalton, the 
density would be the greatest in the lowest part, as the 
portion in that part would sustain the whole incumbent 
mass, and would be less in higher parts, until at a great 
height the density would be inconsiderable, the vapour 
licing greatly rarefied by its own expansive force. The 
temperature would not be the same at the different heights, 
but, in accordance with the known laws of cooling by 
expansion of all aeriform substances, it would diminish as 
the vapour expanded. 

In such an atmosphere the temperature and density at 
diilbrent heights may be presumed to be as expressed in the 
following table, No. 1, where the temperature and dew-point 
at tlie surface is assumed to be 50®? and the quantity of 
^ a{)our at certain heights would be as great as could exist in 
Uio atd'iform state at each height. 
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Table No. 1. 

Table 

No. 2. ! 

Yards in Height. 

Temperature 
of on 

Atmosphere of 
Fure Vapowr. 

Tension of 
Pure Vapour 
Atmosphere. 

Tempenture 
of a 
Gaseous 
Atmosphere. 

Tension of 
Vapvuir 
in a Mi.ve‘l 
Atnuwphen- 

4,000 

4*2® 

.283 

10® 

.089 


43° 

.293 

15° 

.108 


440 

.304 

20° 

.129 


•45® 

.816 

25° 

.156 


46® 

.826 

30° 

.186 


47® 

.837 

36° 

.222 


48® 

.849 

40° 

.264 

600 

49®^ 

.301 

45° 

.316 

0 

50^ 

.873 

50° 

.373 


In these tables we see that while at a height of 1,000 yards 
the vapour has cooled only 2^, the gases at the same height 
have cooled 10®; and if these two atmospheres existed scj)a- 
rately, they w*ould have the respective temperatures there 
given throughout their columns. We know, however, that 
in our atmosphere these a *vlfonn sulistauces arc intermixed 
and diffused through each otiior; and as contiguous ^iih* 
stances part with heat, and communicate it to eacli oilier 
until an equality of temperature is attained, the diilercn' 
temperatures of the two atmospheres could not be retained 
at the various heights. In the higher parts, the warmer 
vapour would part with lioal to the colder gases until cqualiiy 
of temperatures w^as established in the mixed mass. 

In our gaseous atmosphere, receiving, through evaporation 
a quantity of vapour expressed by a dew-point of 50®, at the 
surface of the earth, the proportions of the masses of va})uur 
and of gases, according to the present mode of determining 
them, is said to be, say as 1 to 79, that is, one of tlic fornn r 
to seventy-nine of the latter; but as the vapour in this mixed 
atmosphere originally •ascended, and diffused itself through 
the gases, it must have been by them cooled in its passage 
b^low the temperature it would otherwise have retained. Tin 
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whole atmoApiere would therefore be cooled, not according 
to the sei)arat(j laws of cooling by expansion of the different 
a' rifonn substances of which it was composed, but according 
to the laws of cooling of that part which constituted 79 parts 
out of 80 of the whole mass. The vapour, therefore, would 
be cooled by the law of cooling of the gases with which it 
was intermingled, and the table No. 2 would express the final 
diiniminution of temperature of the mixed atmosphere whilst 
its constituents remained in the aeriform state. 

It has been shown, that in an atmosphere of pure vapour 
of 60® of temperature at the surface, of 51® at 500 yards of 
height, and of 1® less for every additional height of 500 yards, 
each elevation might have the maximum quantity of vapour 
that could exist in it at that height. And if any part of 
the atmospheric space should be then cooled down- below 
the temperature of the height, a portion of the vapour would 
be condensed into water. It follows, therefore, that when 
vapour escapes Irom water, by evaporation, into a dry gaseous 
atmosphere of tlio temperature of 50*^ at the surface, that 
vapour, in expanding into the space above, wdll be liable to 
be condensed by tlie cold of the gases. When the vapour 
expanded to the height of 500 yards, the quantity that could 
exist in the arrilornv state would be not that of .301, which 
belougs to a temperature of 49'^ of pure vapour, but only 
iliat of .315, l)c‘ing the maximum quantity for the tempe- 
rature of the gases at that elevation; and the difference 
l.>c*t\veen the quantities of vapour expressed by .361 and .315 
would 1)0 condensed into water. Inferring the quantity of 
vapour that exists in tlio atmosphere from the dew-point at 
the surface, according to the Jaw of cooling of the vapour, 
would tlicrcfore involve an error of excess in the amount 
of vapour equal to that contained between .361 and .315, 
the maxima quantities of the respective temperatures of 49® 
and 45®. 

In like inauner, with the same dew-point at the surface, and , . 

2 r> 
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the quantity of vapour belonging to it in a mix# atinosplicre, 
there would be, at the height of 1,000 yards, a dew-point of 
only 40^^, and the conclusion arrived at from the dew-point at 
the surface would be erroneous tp the extent of the diirerence 
between .264 and .349, the vapour belonging respectively to 
the dew-points of 40® and 48®; the latter being the quantity 
that would be found in an atmosphere of pure vapour, and 
the former the maximum quantity that can exist in the 
temperature of the upper portions of vapour, as that tem- 
perature is determined by the gaseous atmosphere* The 
same kind of statement will equally apply to all other eleva- 
tions, the conclusions generally drawn at present involving 
an error of excess in the quantity of vapour existing in the 
atmosphere. The parallel columns in the table showing the 
respective temperatures of a gaseous and of a vapour atmo- 
sphere at various heights, both being of the temperature of 
50® at the surface, show the difference in the quantity of 
vapour that can exist in each of them at the heights named ; 
and this difference expresses the amount of error involved in 
the present mode of deducing the quantity of aqueous vapour 
in the atmosphere from the dew-point. 

In order to ascertain the real quantity of vapour that can 
exist in our atmosphere, we must take the amount which 
belongs to each dew-point in one of pure vapour, from Uic 
surface upwards, and the quantity belonging to each lower 
degree of temperature that is found in tlie gaseous atmo- 
sphere at the same heights; and supposing that every height 
had its maximum quantity of vapour, the difference between 
the two subtracted from that which would exist in a vapour 
atmosphere will give the real existing quantity. 

This would furnish the limit of the quantity that is deter- 
mined by the respective laws of cooling by expansion of tlut 
aeriform substances of which our atmosphere is composed. 
But the alterations that take place in it arc more complicated 
than those which arise from cooling alone. As vapour rises 
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in the atmosplieric space, and is cooled by the gases, con- 
densation takes place, as already stated, when a new process 
coininenccs. 1'he condensing vapour gives out heat, and raises 
tlie temperature of the gases, and this rise permits more vapour 
to exist in tliat part than could have remained before the 
condensation and consequent heating occurred : the liberated 
heat, at the same time, carries the whole mass of the atmos- 
phere to a greater height. In this way condensation of vapour 
causes it to ascend to superior elevations, and produces local 
zones of vapour at particular heights, denser than what belong 
to those heights in an undisturbed atmosphere. 

The disturbances by condensation are, however, so irregu- 
lar, as to render it difficult to arrive at a mean result of any 
number of cases. The greater the amount of condensation in 
a given time, the greater will be the rise of temperature in the 
locality ; and, consequently, the more vapour may exist there 
in an uncondepsed state, and be borne to a higher region to 
be successively further expanded, cooled, and condensed. In 
this way, in a thunder storm, there may be a large quantity 
of vapour in a particular mass or column of the atmosphere 
borne to a great height, to be there condensed by the cold 
conscipient on the diminution of incumbent pressure. It thus 
appears that the separate amounts of the gases and of vapour 
in an atmosplieric column which constitute the whole atmo- 
spheric pressure, as measured by the barometer, cannot be 
easily ascertained, particularly when the atmosphere is much 
disturbed by the condensation of vapour. 

But it may be asked, what causes the vapour in the mixed 
atmosphere which has less incumbent vapour pressure, to show 
so higli a dew-point at the surface ? To this question the 
ibllowing answer may be given: — 

When vapour rises from water, it has a certain amount of 
clastic force which is exerted in an effort to expand upwards 
into the atmospheric space; but it there encounters an im- 
Iicdimcnt in the gases which exist in that space, and through 
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which it has to penetrate. The surface of the water con.sti- 
tu^ng a base on which the vapour rests, its elastic lorco is 
• exerted to penetrate or remove the gases that it encounters; 
and in proportion to the resistance of those gases is the clastic 
force or tension of the vapour accumulated, until it becomes 
sufficient to penetrate them and diffuse itself in an aeriform 
state to the extent that temperature will permit. In our 
; therefore, the dew-point that is found 

at the surface is attributable, partly to the pressure of the 
vapour contained in the incumbent column, and partl}^ to the 
resistance of the gases to the rising of fresh vapour. As the 
rising vapour forces its way through the impeding column it 
becomes at some height condensed by the cold that exists 
there, when fresh vapour springs from the surface to go 
through the same course. 

It has however been said, that heating and cooling being 
opposite processes, it is impossible to have ^lem going on 
together in the same column of the atmosphere. But this 
assertion evidently has been made from a misconce))tion of 
the case, consequent on not attending to the order in whicii 
the various operations are carried on. It is adjnitted by all 
parties, that when gases are taken to a higher part of tbr 
atmosphere, they cool by the expansion which is conset|ueiit 
on the removal of some of the incumbent pressure to which 
they are subjected, — and as vapour is intermixed with, and 
diffused through them, a part of the vapour may be condensed 
by the cooling of the gases. On this taking place, the latent 
heat which had been dormant in the vapour is set free, and it 
raises the temperature of the part, and, consequently, of the 
gases that are in the part ; — this is the first step in the process. 
But it is clear that this increase of the temperature of the 
gases will cause them to expand, and enable the adjoinitig 
gases which have not been warmed, and arc therefore heavier, 
to force up those that have ; — the warmed gases will thus be? 
made to ascend to a higher part of the atmosphere. The 
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ex])ansion and ascension of the gases are, in fact, direct 
consequences of the heating caused by the condensation of 
vapour. 

When the ^ iscs are thus forced to a greater height in the 
atmospheric s])acc, they become subjected to a reduced amount 
of incumbent [)ressure, and they expand and cool to a greater 
extent as a consequence of that alteration. This seg^nd cool- 
ing condenses an additional quantity of the vapour that is in 
the ascending column, and the additional condensation sets 
free a fresh portion of heat. It is a second process of the 
same nature as the first; — the renewed cooling after the first 
heating having been produced by the further reduction of 
incumbent gaseous pressure, and then the additional con- 
densation is effected, by that renewed cooling. The cooling 
and heating processes of expansion and of condensation are 
separate and successive — the one being consequent on the 
other, — and, proceeding by alternate operations, each in its 
turn produces the other. And, although the separate opera- 
tions take place in such rapid succession as to prevent our 
distinguishing where the one operation ends and the other 
begins, we know from their natifre that they must be separate 
and .successive, the gases being regularly cooled by expansion 
until they coiuiensc vapour, and then the vapour heating the 
gases and expanding them. It is the mechanical intermixture 
ol the two ai riform substances that enables them to act and 
n>aet on each other, the chemical power of cooling by expan- 
sion of the one, being able to draw forth the latent heat of 
the other, by condensing it while they are intimately diffused 
threnigh each other ])y their mechanical intermixture. 
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On Alterations of the Atmosphere at Mahersloun* 

In meteorological investigations much difficulty is expe- 
enced in tracing the causes of changes in the atmosphere, 
I consequence of the extremely elastic and moveable nature 
f the materials of which it is constituted, and the height in 
le aerial ocean at w^hich the clianges generally occur. Any 
isturbance, originating in a particular locality, acts readily 
n adjoining parts, giving rise to other disturbances that are 
ften nearer to the observer, but which together produce such 
iversified movements and appearances as to create much com- 
dexity. And this renders it very dilTicult to say what was 
be earliest, or prime moving force, or to distinguish from 
t the early effects which subsequently became continuators 
md propagators of the disturbance. If we fix upon any 
)ne time to make observations, these difficulties become so 
jreat as to make it almost impossible to trace out the first 
ar primary disturbing force. It is only when the cause acts 
continuously during a certain period of time, and produces 
uniform effects at recurring periods, that we are able to trace 
and follow the connection that exists in such w^ay as will 
warrant us to place reliance on the conclusions to whicli the 
facts seem to conduct us. 

Changes of season in different latitudes, although constantly 
producing effects of a certain kind on the temperature and 
movements of the air, are frequently very irregular in their 
times of occurrence, and the investigator finds it difficult to 
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ascertain the particular cause that is in action in any locality 
at any one period to create the irregularity. * It appears suffi- 
ciently certain that the unequal heat of the sun in different 
seasons and latitudes^ is the great general disturbing cause, 
but the way in which it operates in each case to produce such 
various results is not equally clear. We therefore are obliged 
to direct our attention more particularly to those alterations 
which take place with the greatest degree of regularity, in 
order that we may, by observing the various phenomena pre- 
ceding, accompanying, or following them, ascertain the kind 
and amount of disturbance that is produced in each separate 
alteration, and the precise time of its occurrence. 

The semi-diurnal alterations of atmospheric pressure, as 
indicated by the barometer, take place at guch times and 
with such regularity as appear to connect them with the 
movements of the sun, — they have therefore been generally 
attributed to the direct influence of that luminary on the* 
temperature of the atmosphere. And, as has been before 
stated, attempts have been made to shew that the successive 
clianges of atmospheric temperature, which arise directly from 
the daily movements of the sun, are the cause of the semi- 
diurnal fluctuations of the barometer, and of the alternating 
winds called sea and land breezes. 

In a fornuT cs.say on meteorological observations made at 
I^ombay, 1 endeavoured to explain the way in which the 
hourly atmospheric disturbances that take place in that part 
of the world are really produced, and attempted to shew that 
they are eifected not by direct solar influence, but indirectly, 
throngii evaporation of water and condensation of vapour alter- 
ing local atmosplieric temperature in the higher regions. 

Hourly observations have been made in other parts of the 
world which exhibit the same general features and character 
as those made at Bombay, and they all, as far as my informa- 
tion extends, point to the same general conclusions. Such 
observations are registered in many places, and among others 
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at Mnkerstoun; — and as this place is in a high latitude, 
65® 84' 45", it seems desirable that the facts observed there 
should be investigated, and their causes traced as far as is 
possible. 

The accounts which I have seen, and which it is proposed 
to examine, are for the year 1844; and in them we have 
hourly registrations of the heights of the barometer, — the 
temperature of the air, — vapour pressure, — and the clouding 
of the skg, with the yearly average of each hour. As in the 
returns from Bombay, these indicate that the real primary 
cause of the semi-diurnal fluctuations of the barometer is not 
that which has been hitherto generally supposed, but such as 
I have pointed out. 

In the accompanying diagram,^ I have represented tlie daily 
commencement of the hourly registrations at four o’clock in 
the morning. By reference to this diagram, it will be seen 
that in Makerstoun, as in many other places, the barometer 
rises from 4 to 10 a.m., and again from 4 to 10 imm. And 
it falls from 10 a.m. to 4 p. m., and again from 10 p. m. to 
4 A.M., making tw^o risings of six hours each and two fallings 
in equal times. The thermometer, as in other ])laces, has one 
rise and one fall only ; — and in this respect vapour pressure, 
when separated in the ordinary way from gaseous pressurt , 
resembles temperature having only one rise and one fail in 
the twenty-four hours. 

By observing these facts, it wdll be seen tliat during the 
first six hours of the meteorological day the barometc r ris-: ^ 
.0016 of an inch of mercury, indicating that the total atnso- 
spheric pressure had been increased to that extent. And 
during the same six hours temperature increases from a little 
less than 41"^ to more than 47*’, being above 6^. ?so\v llu* 
tendency of this increase of temperature is evidently to make 
the atmosphere lighter in the part, and as far as it produce d' 
any effect, it must have been to produce a fall and not a rise 
^ See Plate No. 4. 
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of the barometer. But it will be seen, that vapour pressure 
or tension was augmented at the same time from about .253 
of an inch of mercury to above .282 of an inch. And as this 
additional vapour pressure was added to the previous aggre- 
gate atmospheric pressure, it must have tended to increase that 
pressure, and may be assumed to have been the real cause of 
the rise of the barometer during these six hours. 

The next six hours constitute the most interesting period 
within the range of dur inquir)'; and during this time we see 
tliat the barometer fell from .OOIG to .0001, or nearly equal 
to the whole of its previous rise, — but the temperature and 
vapour pressure do not change with the barometer and move 
in opposite directions; on the contrary, their alterations con- 
tinue in the same dfVcction as before during one-half of the 
time, namely, from ten to one o’clock. These changes conse- 
quently cannot account for the barometer falling, and we are 
left to trace the cause which came into operation at ten o’clock 
to produce that efTect. 

While the barometer was falling after ten o’clock, the tem- 
j>oraturc of tlic air rose from a little more than 47'^ at 10 a.m. 
until at 1 r. M. it reached about 5P, being a rise of about 4*^, 
whilst the vapour pressure further increased from .282 to .290. 
These two causes must, therefore, during these three hours, 
have acted on the barometer in the same direction, and with 
nearly die same force that tliey did during the first six hours. 
If then these two causes alone had been in action, the baro- 
meter must have continued to rise from ten to one o’clock; 
hut we sec that it fell in that time from .0016 to .0008. From 
these J’arts and tlic times of tlieir occurrence, it follows that 
neither the joint nor the separate influences of thermometric 
temjierature and vapour pressure can account for this fall of 
the barometer. 

In the next tliree hours, namely, from one to four, the curve 
of temperature and that of vapour pressure move nearly toge- 
ther, but both declining a little,— the fall of the temperature 



sift ^ttSRATIONS OF TOE ATMOSPHERE 

having a tendency to make the air heavier, and the decKne of 
vapour pressure tending to make the atmosphere lighter; both, 
however, tending to produce results the opposite of those which 
had been experienced in the previous three hours. But we 
see that the cause of the fall of the barometer at ten o’clock, 
whatever that cause may be, continued to act steadily in the 
same direction in the whole of the six hours from ten to four 
o’clock. During this time, therefore, it may be considered 
that the registrations of the movements of the barometer, — of 
the temperaturoi and of the vapour pressure, — do not enable 
us to account for the fall of the barometer, and we have to 
trace the cause which apparently came into action about ten 
o’clock in the morning, and produced the^new effect. This I 
have formerly endeavoured to shew is the condensation, at 
that time, of some of the vapour that rose in the course of 
the morning, which condensation warmed a part of the atmo- 
spheric column, increased the expansive force of the gases, 
removed a portion of the weight of those gases in the part, 
and thus made the barometer fall. This cause continued in 
operation while the sun retained power to raise sufficient 
vapour from the surface of the earth to carry on condensation 
in the upper part of the atmosphere, which is shown to be 
until about four o’clock in the afternoon. 

It will, I presume, now be admitted that tlie cause here 
pointed out, supposing it to come into operation in the way 
described, is adequate to tlie production of the effect ascribed 
to it, as the condensation of aqueous vapour is known to l)e 
able to warm the air, and temporarily reduce its weiglit and 
pressure in the locality. But it has been asserted that wo 
have not sufficient evidence that vapour is condensed in the 
locality when the daily fall of the barometer occurs, and 
therefore that that condensation cannot be safely admitted to 
be the cause. We have, however, numerous accounts of the 
daily condensation of vapour, and of the consequent forma- 
tion of cloud about the hour required, in many parts of the 
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world, and particularly in those where the daily fall of the 
barometer is the greatest, such as in Jamaica and on the 
west* coast of tropical America. It must be acknowledged, 
however, that observers in those parts have not attempted to 
trace a connection between the facts. 

But in tlie Makerstoun observations we have hourly accounts 
of the extent of cloud that covered the sky, and these are re- 
presented in a separate diagram. The manner of observing 
and registering the clouds is thus described. The writer says — 
“ The extent of sky clouded is estimated, the whole sky covered 
with clouds being rated as ten, and the complete absence as 
zero.’’ (Piige Ixii.) From the diagram of this registration it 
will be seen that after 4 a.m., the commencement of the 
meteorological day, cloud began to cover the sky rather more 
fully. This was when evaporation became more active, and a 
little before vaj^oiir pressure began to increase : and the rise 
of temperature, the increase of vapour pressure, and the addi- 
tional space of sky covered with cloud w ent on increasing until 
eight o’clock. After this time, I have observed that cumuli 
generally form, which have a greater height or depth rather 
than a larger extent of surface at the base. .But still, from 
eight in the morning till four in the afternoon, the sky at 
Alakerstoun, as appears from the registrations, was more fully 
covered w itli cloud than at any other time of the day. These 
Makerstoun returns, thcrclbrc, by shewing an increase of cloud 
up to eiglit in the morning, the cloud continuing until four in 
the afternoon, if they do not prove the fact, countenance the 
hypotlicsis that condensation of vapour, in the formation of 
cloud, warms the atmosphere, and renders it lighter during 
iIhkS ])cnod. 

It should be borne in mind that the fall of the mercury 
after ten o’clock in the morning, whilst vapour continues to 
pass freely into the atmosphere, to increase its total weight 
and pressure, constitutes the great difficulty in attempting to 
account for the semi-diurnal fluctuations of the barometer. 
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But when it is shown that that vapour is conveying into the 
atmosphere the heat which it holds in a latent state, ^to be 
; rendered active and sensible by condensation while cloud is 
difficulty is removed. That vapour must be 
^ into the atmo^bele at the required timei is to be 

,;:,^^ibDiferred from the increase of temperature ii|||,to one o^dod^ 
- ^ Weil a from what has been before stated; but thet^e is 
other evidence to prove that vapour, to continue the con- 
densation, was supplied up to four o’clock, the time daring 
which the barometer continued to fall. 

This evidence is furnished by the registrations of the wet 
as well as the dry bulb thermometer. The wet bulb, be it 
reqiembered, is kept at a lower temperature than the dry one 
through the cold produced by evaporation of water, with which 
the former is covered. And the extent of the reduction of 
temperature by this cause marks the energy of evaporation, 
and of course the different quantities of vapour sent into the 
atmosphere in each liour of the day. There arc no tables 
nor any diagram in the Makerstoun returns, to show this 
directly, hut 1 have ascertained tlie mean difference between 
the heights of the wet and dry bulb thermometers for every 
hour of the day during the month of July; and as that month 
may be taken as exhibiting the results of evaporation, at the 
time when it is the most active and energetic, it serves our 
purpose better than the mean of each separate hour for the 
whole year. These hourly differences are shown in a diagram 
in the lower part of the plate No. 4, constructed on the same 
principle as that in plate No. 3. 

The base line represents a state of the atmosphere when the 
twa thermometers would show the same temperature, which 
wouM be when there was no evaporation from the water ; this 
* state is t^ldom found, but it furnishes the line from which 
to measure the amount of difference between the two instru- 
ments at different times. A vertical scale of degrees is then 
; i4c)Tmed, marked by lines and figures on which the differences 
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are marked at t acli hour. In this way we are enabled to see 
at a glance that at four o’clock in the morning, in the whole 
of the month of July, the mean difference between the wet 
and the dry thermometers is only a little more than 1®. From 
this hour, through an increase in the energy of evaporation, the 
mean difference increases until at ten o’clock in the morning 
it reaches about degrees. Now we may safely infer that 
this more energetic evaporation must by this time have thrown 
a considerable quantity of vapour into the air, and that cir- 
cumstance accounts for the greater extent of cloud that was 
observed, as well as for the increase of vapour pressure. But 
as we proceed, this diagram shows also that from ten o’clock 
in the moniing to four in the afternoon, the energy of evapo- 
ration was still greater than in any portion of the previous 
six hours, and it increased irregularly up to four o’clock, at 
which time it is found to be the greatest. It is true that 
during this latter six hours there was no increase in the extent 
of sky covered by cloud, though vapour must have been con- 
stantly passing into and accumulating in the atmosphere in 
some state of existence. But the obvious inference from this 
is, that the additional quantity of vapour was condensed in the 
formation of bills of cloud (cumuli), in which process it must 
have warmed a thick stratum of the atmosplieric gases, and 
thus caused the barometer to fall. 

At 4 o’clock r.M. wc sec that evaporation from the surface 
of the wet bulb must have reached its highest point, the 
diflerence between the two thermometers being then about 
After tins time the evaporation below was less active, 
the condensation in the upper air ceases, the warming process 
stops, and the dissolution of the cloud in the higher regions 
begins to cool the air. For by the same process of eva- 
poration, which now takes place in the higher regions, the- 
conversion of the globules of water that formed the cloud 
into transparent vapour must take up considerable heat, aQd. « 
that heat will be abstracted from the gases. The atmosphere 
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would therefore become not only colderi but also denser 
sod heavieri — ^it would sink into less space and allow addi- 
tional portions of the adjoining gases to flow upon it, and 
the barometer would rise, as has been already more fully 
explained. 

Thus we find that the condensation of vapour which evi- 
dently took place at Makerstoun from ten in the morning 
to four in the afternoon, as at other places, warmed the air 
and made^it lighter, whilst the evaporation of cloud which 
occurred from four to ten in the afternoon, cooled it and made 
it heavier. The one process had an effect on the gases of the 
atmosphere the reverse of the other, and produced opposite 
results on the barometer; — and an examination of the regis- 
trations made in that place of the alterations of the baro- 
meter, — the thermometer, — the vapour pressure, — the extent 
of clouding of the sky, and the energy of evaporation — all 
point at the processes of condensation of vapour, and evapo- 
ration of cloud, as being the causes of barometric fluctuation 
in the two six-hourly periods. 
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The Phenomenon of Mirage. 

That peculiar appearance called Mirage,” has often arrested 
the attention of travellers and others, and it has been generally 
considered an effect of refraction of the ravs of light while 
passing through air of various densities. It is described by 
Kaemtz, in his work on Meteorology, p. 421. In accounting 
for it, this writer s^iys — “The mirage, for the most part, occurs 
in extensive plains, when the weather is calm and the ground 
heated by the sun. The plains of Asia and Africa have become 
celebrated in tliis respect: thus, during the Expedition in 
Egypt, the Frencli army frequentl}’’ experienced cruel decep- 
tions. The ground of Egypt forms a plain perfectly horizontal ; 
the villages arc .situated on small eminences. In the morning 
and evening they appear in their proper places, and at their real 
distances; but when the ground is higlily heated, the country 
resembles a lake, and the villages appear to be built on islands, 
and rt'llectcd in the water. As w^e approach, the lake dis- 
iil)pears, and tlie traveller, devoured by thirst, is deceived in 
his hope.” “ Although it is more common in the East, yet 
till' mirage exists in our plains much more frequently than is 
imagined, especially when we bring the head near the ground. 
I have observed it in the neighbourhood of Halle, in the 
country of Magdeburg, and on the coasts of the Baltic, where 
I often liave thought myself in the midst of a large bed of 
water.” 

Further on the same writer says — “ There is a mirage, in 
the proper acceptation of the term, when we see below the 
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o^sci its and then the air isf hotter in the 

, n^^boorhood of the ground, than at a certain height. This 
phenomenon evidences an abnormal state of the atmosphere, 
and the calm indispensable for its production is often troubled 
by ascending currents and violent gales of wind, so that several 
' observers say that the mirage is the precursor of a tempest.” • 
This explanation is sufficiently obscure, but it is a ffiir sample 
a/* acmaais o/* m/ra^^e that are io be found in books which 

treat on the subject* These accounts, however, almost uiik 
vetsall^ attribute the phenomena to refraction of the rays 
of light while passing through strata of air of different 
densities. 

Having observed an appearance at Southport, on the Lan- 
cashire coast, similar to what the mirage is represented to 
be, but which did not seem likely to have been produced by 
refraction, I resolved to revisit that place, in order to take 
more particular notice of the phenomenon, and the following 
is the substance of notes made at tlie time: — 

**May 29, 1849. — At from 10 to 1 1 o’clock, a.m., walked 
on the sandy shore from the north end of the pier. On 
moving across the sands towards the sea, the tide being out, 
looking towards the north, I saw a bluish streak or line a 
little above the level of the sand, which I recognized as a 
slight display of the mirage that I had noticed at a former 
period. It bad the appearance of a blue mist, and as 1 
descended deeper into the sand troughs which the retiring 
tide had left in the shore, the mirage seemed to rise more 
fully into view. It now presented the appearance of a blue 
band with a level surface, like that which is seen when looking 
at distant water; and it reflected objects just as water does. 
From one point of view, a house was seen above and beyond 
the blue band, and the image of the house was reflected from 
the surface of the mist as distinctly as if it had been reflected 
from the surface of clear still water. On walking furtlier 
* Kaemtz, p. 422. 
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down towards the sesi and then turning towards the mirage, 
I found that when within one of the deep troughs made by 
the retiring tide, the view of the mist was intercepted by an 
intervening sand-bank. The house and dry sand hills liear it 
were still seen, but the mirage was hidden by the intervening 
ridge of sand. Moving towards the place where the mirage 
had appeared, on ascending the ridge it gradually came again 
into view, and had every appearance of water, reflecting the 
objects which were beyond it and above the level of the 
surface. 

‘‘ I was now about a mile from the house and the dry sand 
hills, and as I proceeded towards them, I noticed that the 
level sand had been covered by the water of the last tide, 
which was at about five o’clock in the morning, and the sand 
was yet quite moist. As I advanced the mirage became less, 
until, when within about three hundred yards of the part 
where it had appeai*ed, it vanished. The surface of the shore 
here was of darkish moist sand, but covered with tufts of grass 
sufficient to make it rather green; there was nothing, however, 
to indicate what had caused the appearance of mirage. 

“ Having brought a thermometer with me, I swung it in 
the air, while exposed to the sun, at the height of about 
eighteen inches from the ground, in order to bring it to the 
temperature of the air. It settled at 71® Fahrenheit. I now 
placed the instrument on the ripple of the moist sand, and in 
thirteen minutes it indicated a temperature of 91®, having in 
that time risen 20®. The sky was partially and irregularly 
covered wnth light fleecy clouds, allowing the sun to shine 
through them. Again I held the thermometer in the air, 
with the bulb exposed to the sun for thirteen minutes, when 
it marked a temperature of 73®, having sunk 18® in the air. 
These experiments I repeated, and found them substantially 
the same. 

1 now walked to the dry shore, and placed the thermo- 
meter on a sand hill, when it rose to 98®, and on waving it 

2 F 






^m^ehiiiithhme^^^^ " 

These tfiitifie-Srfh Irelitdd itfore 

tinSl it hecaide cdn^ideriaitily'w^^ ^^Hah the litr thit Vested 
upon it; and Where the l^hore Was iubist/ this heating Would 
vapourise some of the water that was in it, and aqueous vapour 
Would be formed and passed into the atmosphere. That this 
process was goidg on ht the time seemed ' evident ftotn the 
prominent parts ‘of the sand ripples becoiUiilg sensibly drier 
than the parts less prominent. The inoist sand being heated 
up to (say) 90®, evaporation belonging to that temperature 
would take place from the surface; but the vapour thtis pro- 
duced would spring into air of a temperature lower by (say) 
nearly 20®. It would follow that a part of the vapour which 
had been produced by a temperature of 90®, would be* con- 
densed by the cold of 70®, and a mist, or stratum of cloud, 
would be formed in the air, at a short distance from the 
suiface of the ground. This stratum being thin. Would not 
be perceptible' to' a person standing in it, or near to it, though 
it might be to ataother perso^n placed at a suitable distance 
and looking along its Upper surface. The mass of air however 
that Was higher, bei'ng dry, the' small globules of Water that 
constituted the mist near' the ground woUtd eifaporate almost 
immediately after^ th^y fey h'een fo^fihi^d, l^aii^ing the air trans- 
I parent aboVe the Upper ^’riaCe^bf 'the'%riist; and an observer, 

, fufecieht disiabce^fo 'be ^le "1o*'8*ee V eekain eitfent* of 
/^he Siii^fkce, V^bld fibdMt r^ek %ht 'a siM Wa/ to that 
in Whigh'lt y ir^flected frdm thd%«Sbe* of water. 

^On subsequent days I observed the same phenomena/ and 
^bsce^tained^lJhktHhe^ ibp frbfn Which' the Hght was 

rbdedted, cdbld uht'Se ^hSre tBW feighVeen^ihc^ 
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and tbe n^^fj;. a waying ipotion, 

% 9m* i a"d 

•ftS %«?9W ^ « 

HI*???. 

'Wl^ \ ”9M w^ *? 

W^icb I knm W^ ixf, p^ T^l^?35f, 1 9^9^, rising 

fippip riy^r ^ibb^p. It had apy^arance of a bluish 
smo^e^ ternduf^tipg \n b^ Tf?\ripg, that distorted* the 

ohjeeti^ sc^en beyond it op pear^ th^ level. As the day 

adyapced;) by selectip^ stfition, I could see objects 

beyond the river reflected froiii thjs ipisti and distorted by 
the waving motiop; vfhilst, by (^topping down, I copld see 
the vyaving top of the mist ovey the sandy shpre just above 
an intervening ridge of sand; or by standing up, see tlie 
apparently blue vrater reflecting tl^e objects beypnd it. The 
mirage )vas palpable over thp river, as well as oyer tlie moist 
sand nearer to the observer. 

After many daj^s of observation, I came to the following 
geppral conclusions. Until the sun heated the ipoist ground 
in the morning ahoye the temperatpre of tlje ajr, po mirage 
appeared ; but when the ground yjras sp^ciently heated mffage 
began to show itself— at first, feiptly ; but it increased in 
strength and fulness tlie temper^jt^re pf tbe ground rose 
above that of the air; it w^s the sfripngest, of the greatest 
breadth, and extended the farthest on the shore, whe^ the sun 
was most powerful, and when there was the greatest difference 
between the temperature of the ground and that of the air. 
At one time the temperature of the dry sand hills was 90® ; 
that of the moist sand, over which tbe mirage appeared, 75®; 
and of the air over this moist sand, 60®. The lower tempera- 
ture of the moist than of the dry sand was a consequence of 
much of the heat that fell on tbe former being absorbed by 
water in its conversion into vapour; and this vapour passed 
into air suflSciently cold to condense it, and to form a stratum 
of mist that reflected light.when seen from a proper angle. 
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objects were reflected from the upper surface of this' 
mist may be safely iuferredj because there was nothing else 
present on the sand to produce the reflection. The appear- 
ances could not be results of refraction of light in passing 
through strata of air of different temperatures and densities, 
as no such differences were observable in the air; and the 
stratum of mist, from which the light was reflected, was 
not more than eighteen inches from the ground. That an 
abundance of vapour was in course of being produced from 
the moist sand, was evident from the drying of that sand ; and 
that a part of the vapour would be condensed by the cold air, 
and form mist at a small height, is equally clear from the 
known effect of cold on vapour. The height of the surface 
of the mist from which the reflection occurred would be 
determined, at each hour, by the energy of evaporation from 
the ground, the coldness of the air that condensed the vapour, 
and the degree of dryness above that permitted the mist to 
evaporate. 

The principal conditions required to produce mirage seem 
to be — a level surface of moist ground sufficiently heated to 
produce energetic evaporation of water, and a cool and dry 
atmosphere for the vapour to pass into. If the air is calm 
the mist appears like still water; but when wind blows the 
mist is driven by it like smoke, and in this form it may be 
often seen driven over the sands. 
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Local Irregularities in the Daily Production and Ascent of 
Atmospheric Vapour* 


When making observations at Southport, in the summer, 
in order to discover the cause of mirage^ my attention was 
arrested by the unequal amounts of evaporation from the 
wet bulb thermometer held in the air which were evidently 
taking place at the same period of the day, when the sky 
was in different states. On one day, when thick clouds 
overspread the sky, and it appeared that rain would soon 
fall, evaporation was so active from the wet bulb thermo- 
meter at about twelve inches above the ground, as to make 
tlie difference between that instrument and the dry thermo- 
meter as much as 11®. 5, whilst on another day, shortly 
afterwards, at the same hour, when the sky was clear and 
the sun was shining, the two bulbs showed nearly the same 
temperature, indicating that no considerable evaporation was 
then taking place from the wet bulb. The difference thus 
exhibited in the energy of evaporation on the two days was 
great, as may be seen more in detail from the tabulated 
observations that Were made on the dry and wet thermo- 
meters, on the shore at Southport, on the mornings of the 
7th and 9th of July. 
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Tabular Begiatration of Meteorohgieal Observations at Southport. 



On July 7. 

On July 9. 



1 Themometert. 



1 Thermometen. 






BilTerenee. 

Time. 



Differeuoe. 

■t . 


SrylMilb. 

Wetbolk 



DiyVnlb. 

Wettelb. 


■■m 

■^^L' ■ A* 

• 

« 

0 

• 

k 'b. 

• 

0 

o 


'■(IWJJ 

78 

62 

11 

10 47 

61 .5 

60.5 

1 



73 

63 

10 

10 49 

61 

59.6 

1.4 



73 

63 

10 

10 51 

61 

60 

1 


11 0 

72 

62 

10 

10 54 

62.4 

61.5 

.9 


11 5 

71 

62 

9 


62.5 

69 

.5 


11 10 

7a 

62 

10 


62.4 

61 

1.4 


11 15 

71 

61 

10 

li]|Q 

62.5 

61.5 

1 


11 20s 

71 

61 

la 

11 « 

61 

59 

2 


n 25 

71 

63 

8 

11 30 

61.5 

60 

1.5 


liKl!] 

71 

64 

7 

11 32 

61 

59 

2 


11 35 

1 71 

63.5 

7.5 

11 34 

' 60 

! 58.5 

1.5 


Dd 

72 

63.5 

8.5 

U 43 

63 

61 

2 


11 45 

72.5 

62 

10.5 

11 45 

63 

6i.5 

1.5 


11 56 

78 

61.5 

11.5 

li 47 

62.5 

60.5 

2 





ji 

11 49 

63 

62 

1 


Umtb 

71.0 

ea.4 

9.5. I 


61.9 

60.5 

1.4 


Here we »fie that the mean difTerepce of tproperp^jiFB between 
tbe dry and the wet thermometers on the 7tb, was 9°. 5, whilst 
the difference on the 9th was only 1®.4. And these differ- 
eup» may be taken as eotamples of what frequently occurs in 
sasb JoetHti&s. Now, wbeo (bo wot bulb thermoniptef was so 
imieb below the dty Ofio op the 7tbj the eky was coyered with 
thdek Uaek clouds, which sbpytly afterwards potired down rain; 
whilst* ws the 9lh* whe» the dry ap4 wet thermpBJetere differed 
only l®,4, the wealhfr was dee and the shp w«s »hip«Bg with 
filll iSatee ^sm # clsff ahy, 

, anowhes wee froet e«**9hi (^rattens tha| 

iwtf He* hew Hwh nelwed hjr iHieteprtd^psj^, hqt which ire 
O&09 IldPIg fhMSe iniwr «MH^|>heitef the 

wive ma4is#lhe 7ih jtely de!we<eip»d» 3ye?^,wid,^ti;f feicpof 
in an upper regtpH of the atmosphere—thet is^ the aqweoijs 
vapour was there in process of being rapidly converted into 
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minute globules of wWep, ‘rrhich iremuned in the ait in the 
form of dense cloud. This |irocei» not only relieved the trans- 
parent elastic vapoiir that was nearer to the earth from part of 
the ifioumbent i^pour preSSiire, and allowed the vapour which 
was below toexpand upwards mote freely/biitalso, by warming 
the loealify wfaete tbe ‘cidiideitMitttMi fodk 'phlife, ’produced an 
atmMat’ttf jrir/Wbieb,‘<^^ that 

W pittdifced 

HEo 'djQpddd 'ilibib 'fteely'-Sdito ^the hi^'Ar^lNil^eds. - ^eitCe^ 'fte 
ii^^^'df’’eifapOlbtidti ftoih ' the -Wet 'bulb ttermometer sts- 
'pended near the sUtfftCe bn the 7th, and the consequent groat 
diflferehce of tetnp'e^tnre between it and the^dry one, amount- 
ing to no less than 9**. 5. * 

On the 9th circumstances had altered-^s the clouds had 
entirely disappeared. The unobstructed rays of the sun heated 
the ground to a high tetapetuture, producing abundant eva- 
poration. But the vapour thus produced passed into the air 
under the full pressure of die incumbent mass that already 
existed in th"e atmosphere. The newly evaporated vapour, 
therefore, did n6t rise freely, nor expand rapidly into the 
higher regions, as it had done on the 7tfa, but was kept down 
to a certain * extent by air at rest and incumbent ' vapour 
pressure, 'and the Vapour ' formed 'a' stratum near the 'Smfece 
of the eartih, of a* certain thidcwess'and density ; and any wet 
substance, »uch as the Wet bulb of a thermometer, placed in 
this stratum wOuld' evaporate- Water’ but feebly, and would be 
cooled by evaporation but in a small degree. Under these 
latter circumstances,' die more powerful the sun's action on the 
moist ground, the* more fully would the air near the ground 
beOhaifgfed'Mth’ViqidtSr, '■mid' tbe>mdre^’eom|detely would eva- 
poration' bePUhOCked' from iuiy 'Wet* body- Siwpended in theak. 
On' the Ttb, ‘^he tSSinperatUre»'Of' «he^ moist-ground was, ‘Wly 
74«, *ahd^of'ihe’ahr, nehfly 7SS’,»maklng’a difibrenee Of 
; Whfer^,von?di0 9fh,':the ground* was 76®, and the air not 
quite 62 °, making the difibrence between the ground' tdclThe 
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air as great as 14°. And this great difference in the tempera- 
ture of the ground and of the air in the latter case was, 
doubtless, the cause of so much vapour being found near the 
ground, its expansion and diffusion in the higher regions being 
v^lteaked by incumbent pressure and still air. The lai^e quan* 
vapour produced from the ground vtonIdt Mvpyorj .aXtact 
|^|bi,eWic force and expand iqpwar^; ^l^d at some Hi^bt it * 
yrould encounter air cold enough to condense a p^on of it, 
when incipient cloud would be formed. But the sun shining 
on the upper surface of this cloud, might have sufficient power 
to re-convert it into transparent vapour; and in this way, 
vapour may successively pass into higher regions cold enough 
to condense it, and be re-evaporated by the direct rays of the 
sun that shine upon it. 

When watching the thermometers on the shore at South- 
port, whilst the sun was shining strongly upon them, I was 
occasionally surprised to find the mercury sink one or two 
degrees, in a short time, without any apparent cause. But 
more attentive observation showed that, at the time when the 
mercury thus sank, there was a darkening of the sky, the sun’s 
light being evidently diminished by something in the air which 
was not palpable cloud. From repeated observations of such 
pbepomena, and from a review of all the circumstances attend- 
ing them, it appeared probable that portions of the vapour 
which had been recently produced at the surface of the earth 
were expanding into the higher regions of the air, and were 
meeting with strata of air cold enough to condense them and 
to form incipient cloud; but which cloud was shortly after- 
wards dissolved by the direct rays of the sun that was then 
•W®*og. The diminution of the brilliancy of the solar light, 

. ffie- accompanying cooling of the thermometers, seldom 
/lasted long; but the occurrence was not unfrequent in the 
hotter paft of the day on the 9th of July, and it was observable 
at many other times when the drcumstances were similar in 
their character. 
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If there were no wind to carry the saturated air horizontally 
to a distant part, the vapour produced by evaporation in the 
way described would always, in due time, expand upwards 
until it met with a degree of cold in the higher regions, 
sufficient to condense it more rapidly than the sun acting on 
the upper surface of the mist could dissolve it — when palpable 
clpild would form; and this seems to be the way in. which 
drily cumuli are formed in many parts of the world. In thesfe 
parts, at some certain heights determined by the expansive 
force of the vapour and the cold of the gases into which it 
passes, these cumuli are formed every morning, as soon as 
the sun has evaporated sufficient vapour from the surface of 
the land sor sea. And when the cloud is formed, incumbent 
vapour pressure on the lower vapour is diminished, and eva- 
poration goes on more freely, not only from the surface of 
the ground, but also from a wet bulb thermometer placed 
immediately above that surface, although the temperature at 
the time may not be very high; and this accounts for the 
energy of evaporation that took place on the cloudy 7th July, 
from the wet bulb of the thermometer. On that day, the 
vapour that had been produced from the surface of the ground 
not being kept down by strong incumbent vapour pressure, 
])ass<'d rapidly into the upper regions of the atmosphere, when 
an ascending current, produced by cloud formation, carried 
it to a higher and colder region, where it became rain, to 
descend to the earth from which it had previously risen. Since 
that time, I have frequently observed similar phenomena in 
otlier parts. 

livaporation of water and condensation of vapour, alternating 
at various heights in the atmosphere, sometimes produce sin- 
gular appearances. On one day, at about two o’clock, when 
on tJie sands whilst the tide was down and the sun was shining 
with great power, on looking towards Southport, I observed 
a strange appearance in the air, in the front of the village. 
The people on the sands at the time were nuifierous, some 
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walking, others riding on donkeys and in carriages; but all 
appeared to be in the air, inverted, and at the same time 
much distorted, frequently changing their forms like a dancing 
phantasmagoria. I had no meteorological instruments with me 
at the time, but, from the state of the weather, the appear- 
ances might be accounted for in the following manner : — The 
sun was vaporising water freely from the heated moist sand 
of the shore, and the vapour thus produced, as it ascended 
in the air, was partially condensed, and formed local strata 
of incipient cloud, which were dense enough to reflect objects 
&at were on the shore. . But these strata of cloud were soon 
afterwards evaporated by the rays of the sun, and the con- 
densation and subsequent evaporation produced sndk unequal 
densities in the air as to cause great refraction of the light, 
in addition to the reflection from the surface of the incipient 
cloud. Thus the spectator experienced the effects of reflec- 
tion and of refraction combined and acting on an irregular 
ascending stream of vapour springing from the moist sand. It 
was only when at a certain considerable distance from the 
appearances that they could be seen — on approaching the s})ot 
the whole vanished,. and the persons on the shore were quite 
unconscious that they had been exhibited inverted in the air, 
and in distorted and grotesque forms. 

Our knowledge of the meteorological changes tliat are taking 
place in the upper regions of the atmosphere is limited and 
imperfect, yet there have been some facts noticed by observers 
relating to those regions which have a bearing on our present 
subject. In some mountainous regions the tension of vapour, 
as indicated by the dew-point, has been ascertained by Kaemtz 
at considerable elevations, and also, at the same time, over 
the low countries immediately contiguous, and it has been 
found that the tension generally indicated an increase in the 
quantity of vapour during the daily rise of temperature. But 
at a certain stage of its'^progress the increase was occasionally 
stopped, and the reverse process took place, as the tension 



AND Ascent of Atmospheric Vapour. 235 

became less.* 'rhese observations show, that while evapora- 
tion from the surface was increasing with increasing tem- 
perature, som^ cause came occasionally into operation which 
checked and even reduced the tension of vapour at certain 
elevations; and frequently a second increase took place at sucli 
elevations, after a reduction, exhibiting a double maximum 
tension in the same day. The formation of cloud at the 
time, and the consequent removal of some of the pressure of 
the higher vapour on that nearer to the surface, seems alone 
capable of accounting for these facts. 

The day cloud is known to form at various heights, accord- 
ing to the temperature of the air, and it is sufficiently evident 
that that formation is produced through ascent of vapour from 
below. But at whatever height the cloud forms, the conse- 
quences must be of the nature here pointed out, — incumbent 
vapour pressure on the lower regions will be reduced; the 
vapour in those regions will expand more freely and become 
more rarefied, or its tension will be diminished. 


See pago 150. 
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Rain at Different Elevations. 

Much labour has been employed to ascertain wbat are the 
quantities of Rain that fall at different heights in the atmo- 
sphere, in the same locality. Assuming that the theory of 
the, formation of rain which has been here advanced, is sub- 
stantially correct, it will be apparent that the relative amounts 
that fall at various elevations, in a vertical column, will not 
be the same. When a large quantity is formed within a 
cumulous cloud and carried to a great height, where, through 
the expansion of the atmospheric gases, the drops of rain are 
thrown off laterally to a considerable distance into cold air, 
they may soon acquire a temperature as low as that of the 
clear air at the superior elevation and should they after- 
wards, in their fall to the earth, have to pass througli warm 
air fully charged with vapour, the cold of the rain would 
condense upon the drops some of the vapour, when each drop 
would be enlarged in its descent. These drops, if collected 
at different elevations, would obviously, as they approached 
the earth, furnish larger quantities of water. 

But the rain from a cloud may fall not beyond, but within 
the warmth of that cloud, and consequently may itself con- 
tinue warm for the elevation, as long as it remains within the 
cloud, and the part of the atmosphere below the cloud and 
nearer to the earth, may be sufficiently dry to cause evapora- 
tion to tak^place from the surface of each drop of rain whilst 
it is falling. Each will then become smaller as it<descends, and 
the whole of them will successively constitute smaller quan- 
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titles of water tlio nearer they approach the earthj^ as could be 
shown if rain gauges were placed at various heights to receive 
it. It is^ indeed^ apparent that in this way some rain that 
has been produced in the .higher regions of the atmosphere, 
often wholly evaporates during its descent, whilst other rain 
may h^ing to the earth only a"^ small part of that which was 
falling at a great height. 

Let us suppose a wind to blow against the sloping side 
of a ridge of land, rising to a height of say 1 ,G00 feet, and 
suppose this wind at the level of the sea to have a temperature 
of 57®, and a dew-point of 52®. It is evident that the part 
of the wind near the surface would pass over all the lower 
portion of the slope and up to 1,500 feet as a dry wind, 
neither producing rain nor forming cloud ;~because the air 
from the low level would not be sufficiently raised and cooled 
in its ascent to condense any of the vapour which it contained. 
But when this air was driven to the top of the slope, it wpuld 
be sufficiently cooled by expansion to form cloud. Under 
tliese circumstances, rain might form near the top, whilst it 
would be fine weather over the low^er part of the slope. 

But suppose the wind at the surface to have a dew-point of 
only 4^' instead of 5® below the temperature, and it will be 
perceived that the cloud would then be formed, not only near 
the top, but down to a level lower by 400 feet; and any rain 
that might foil from the cloud, might alight on the \jhole 
of tlic slope that was between the top and 400 feet below it. 
If the dew-point were only 3® below the temperature at the 
surface bt4ow, cloud would begin to form 700 feet lower than 
the top, and generally in such a wind the nearer the dew-point 
approached the ten^perature at the level of the sea, the lower 
would cloud form against the slope of the hill, from which 
rain might fall. As the dew-point at the surface, however, is 
seldom as high as the temperature, but in general considerably 
below it, it follows that rain will seldom fall from a clodd that 
is near the surface, over either the sea or the low ground* 
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But it will often fall from a small height above the sloping 
sides of rising land, and more especially against the higher 
parts of such land. Where raiA is produced near the level of 
the sea 50 days in the year,- — ^it may occur against a height 
of 1,000 feet 100 days, and at a height of 2,000, 150 days. 
Cltence in many places it rains more frequent against the 
sides of hills than on the sea shore, or the low intervening 
ground. 

Cloud is however formed and rain falls from it, not merely 
in that part of the atmosphere that is near the surface of the 
earth, but also at very considerable heights above it. As we 
ascend from a low level in the open atmosphere, the dew-point 
ordinarily approaches nearer to the temperature, until at some 
moderate, though varying, height they often are the same, 
when cloud begins to form. And a whole column of air so 
circumstanced, being carried against the slope of I’ising land, 
would be all raised, and the upper as well as the lower part of 
the column would be cooled by the diminution of incumbent 
pressure, and that portion of the atmosphere which had its dew- 
point nearest to the temperature, would have vapour within it 
converted into rain the earliest; so that even over hills rain 
may be produced at a considerable height above the surface 
of the ground. The rain which descends on low lands, as well 
as on the sea, generally comes from a considerable height in 
the atmosphere ; this is known and acknowledged, whilst it is 
commonly supposed that that which falls against the sides of 
hills is always produced near their surfaces ; this, however, is 
not necessarily the case, as the rain there, as well as in other 
parts, may he formed at considerable heights above the surface. 
The actual heights at which clouds are formed by ascending 
streams of moist air, are determined by the degrees of satura- 
tion of the different strata of the atmosphere; but when a 
portion of the lower air is taken to a great height, and there 
allowed to expand in full proportion to the diminished pres- 
sure, a moderate degree of saturation near the surface is 
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sulTicient to produce cloud. Winds, however, when they blow 
against the sides of hills, often convey portions of air saturated 
in various degrees at different elevations, from low levels ta 
superior heights, and thus produce clouds and rain at various 
elevations. ' 

Again, the whole of a thick stratum of ^ir may, with due 
relation to the height of each part, be so fully saturated with 
vapour as to permit the cold consequent on a small rising to 
form cloud in nearly every part of it : or, the cloud may 
form first at the top, or at the bottom, or in any other part of 
the stratum, according to the degree of saturation of die part, 
and the cold of the elevation that is attained; and each 
elevation, as has been shewn, is liable to be temporarily 
saturated by conversion of floating cloud into vapour. It is 
obvious too that, while a wind is blowing, each part of the 
land will not receive all the rain that is formed directly over 
it, — but only that which descends to it, the remainder being 
carried on by the wind ; — and in hilly countries it may, and 
indeed does commonly, fill against the rising ground. The 
higher ground tlius frequently receives not merely the rain 
which is formed directly over it, near the surface, but also, 
successively, i>arts of that which had been formed over lower 
levels, but at greater distances from the surface : and the 
highest ground may consequently receive portions of what had 
been formed at diflbrent elevations above all the lower levels. 

It may possibly bo supposed, from what has been here 
advanced, that when a stratum of saturated air is moving over 
flat ground, the motion alone of the air would not piroduce 
cloud, or rain, but that it required to be forced up a hill to 
produce such a result; — this, however, would not be correct. 
'J’he atmosphere, in moving over the surface of the globe, 
presses on the lowest level with a certain force this creates 
frictioti, which retards the advance of the lowest part of the 
air, and the retardation is successively communicated, though 
in inferior degrees, to the higher parts. The less retarded 
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and higher parts^ therefore, climb and pass over the lower 
until the air which in a particular locality constituted tlic 
lowest stratum, attains a considerable height, where it ex- 
pands and acquires the temperature belonging to the superior 
elevation, when rain may be produced. Against the sloping 
of rising ground, both the causes that have been here 
^inted out are in operation during a wind, producing a rise 
of the air through its being forced up a hill by itj horizontal 
motion, and also through retardation in the lower part by 
friction against the surface, and both of these causes contri- 
bute to the production of rain in such situations. 

A direct line drawn through the atmosphere from the 
western edge of Lancashire, to the top of the ridge which 
separates that countyjfrom Yorkshire, would be, say about 
forty miles in length. Now, if the land rose parallel with 
that line, from the operation of the causes just explained — 
rain coming from the west would, on an average of years, fill 
along the line in quantities increasing with, and determined 
by, the elevation of each part. The quantity might be, say 
QO or 30 inches in tlic year at the western edge, and 40 or GO 
inches, or some other quantity, at the highest part, the inter- 
mediate parts having quantities proportioned to the elevation 
of each part. That we have not such regularly increasi.ng 
quantities of rain now actually falling along the line, is attri- 
butable to the irregularities of the ground, and even to the 
trees and buildings, which produce partial obstructions, cross 
currents and eddies, varying to all conceivable extents. But 
the surface of the earth at the various levels, as well as the 
sea, has, as has been already explained, a supply of rain 
which is produced by a different cause, namely, the daily 
heating of the air, near the surface, by the sun. This, how- 
ever, has been fully treated of in former papers. 

In stating that much rain frequently falls among hills, it is 
RQt intended to intimate that th.e quantity goes on increasing 
with the height of the hills, however lofty they may be. The 
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])robability is, that over each rising land the quantity of rain 
increases up to some certain height — above which it diminishes, 
until at some elevatipn no rain will fall ; — these heights will 
vary according to tiie temperature and dew-point of the locality. 
Where both temperature and dew-point are high, a strong 
ascending current may be produced, and the maximum quan^ 
tity of rain may fall at a considerable elevation ; whpre both 
are lower, the maximum quantity may be found at a muoh 
lower level. The greater or less continuity of the* rain will 
also have its degree of effect. Continuous rain warms the 
atmospheric space up to a height greater than an occasional 
shower does, and that warmth may prevent condensation taking 
place from new supplies of vapour until they attain » higher 
level ; whilst a large part of the vapour which a sudden cool 
and moist wind may bring, may be condensed at a moderate 
height, if the locality has not been previously warmed by 
condensation. When the atmosphere is fully saturated with 
vapour and the dew-point is at 80^, — as has been already 
stated, the vapour constitutes about one forty-eighth part of 
the whole, whilst with a dew-point of only 32^^, the vapour 
is only one two hundred and fortieth part of the atmosphere. 
Now’ if from any cause air with a dew-point of 80^ should 
be raised to a height that will reduce its temperature below 
lliat degree, it will evidently have a part of its vapour con- 
({(M)sed. And if this air should ascend high enough to be 
cooled down to 32"^, it must have all its vapour between the 
18ih and the 210th part of the atmosphere, converted into 
water to hill as rain. It is evident, therefore, that the greater 
part of the vapour which ordinarily exists in ascending moist 
air, must be condensed at some moderate height, seeing that 
but little of it can, in an aeriform state, pass into the very 
cold elevated regions of the atmosphere. The ascent to the 
upper regions being accompanied by decrease of temperature, 
whatever point of tropical heat at the surface we start from^, 
the constant decrease of temperature will at last find the 
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; Bktl^ vapotilr Ifeft to produce it. If raiin begim to descend 
ii sb6n as condensation of the vapout Coininenced, it v^ould 
Mot be difficult, in a given state of the atmosphere Ivith rela- 
^IbU to the temperature and dew-point, to determine at what 
heights the \rarious quantities of rain would be formed ; but 
when it is formed, heat is liberated and an ascending current 
is produced, and we do not know what will be the tempera- 
tures and ascending forces of the currents, although we do 
know that as the air rises it must be under the influence of 
laws of expansion and cooling, and that the vapour which it 
contains is under those laws of condensation, and of liberation 
of heat, to which it is subjected in our mixed atmosphere. 

The ridge of the Yorkshire hills, already alluded to, may 
be considered as 1,600 feet high. The ridge of Helvellyn 
may be taken at 3,000 feet ; Ben Nevis as 4,000 feet ; and the 
highest ridge in Norway, as 8,000 feet in height. Now let us 
suppose the same wind to blow against the western side of all 
these ridges, which wind near the surface of the globe has a 
temperature of say 67®, and a dew-point of 52®, a kind of 
atmosphere not uncommon in the summer of this part of the 
World. When it rose to a height a little above 1,500 feet, it 
would average a temperature of 52®, the same as the dew- 
point, and, when passing over the Yorkshire hills, would form 
a slight cloud. In ascending Helvellyn it would, at the top, 
have a temperature of say 47®, and the vapour which it had 
contained between the dew-point at the surface and the tem- 
^f^rature at the top of the mountain would be condensed, and 
l^bme 6f it 'might fall as rain. The same wind, in climbing 
iBen i^evSi, would acquire a teuipwature of less than 44®, and 
Vapohr Vbuld be condensed uritii the dew-point was reduced 
ib'tbait In ascending the mountains of Norway, the 

'jfreeiSing ^8iht ’^i'otild be iOAched at a height of 7,500'feet, when 
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7,600 feet,^^Qu|d, f^f^^Qi^deQ^ed, ^^nd iK^glit fajil ^ mn* Now 
the atniosphere at 52^, with a dew-;point at the same degree, 
has vapour amounting to say a 120tb part of the whole, whilst 
an atmosphere with a temperature and dew-point of 32® has 
vapour to the amount of only a 240th part, or not more than 
half the first-named quantity. So that, omitting the influence 
of heating by condensation, one-half of the vapour which the 
supposed atmosphere contained when at the level of the sea, 
where it would appear a clear and dry air, would be con- 
densed, and might fall as rain, when it ascended to a height 
of 7,500 feet. And any further condensation of the remaining 
vapour that might take place at a greater height, would be 
followed by congelation ; and snow, instead of rain, would 
be produced. 

Mr. Miller, in a paper read to the Royal Society, on May 
18, 1848, gives a number of important meteorological facts 
relating to the Lake district of Cumberland and Westmoreland. 
The statement of the falls of rain that take place in many parts 
of this locality are very valuable, on account of* the difierent 
heights of the parts above the level of the sea where the rain 
gauges were placed, and the particular shape of the face of the 
country. For a long time it had been known that the fall of 
rain became greater, as the ground rose from the low level of 
Lancashire to the top of the ridge which separates that county 
from Yorkshire; and it appears that the same general fact 
is, to a certain extent, observable in Cumberland, Mr. Miller 
having found that the fall was small at Whitehaven and other 
places in the low country near the sea, compared with that 
which took place up the valleys and on the mountains of the 
interior country. And that gentleman, after stating many 
facts, attempts to exhibit a law which determines that the 
amount of rain shall increase up to a certain height, and 
decrease above that he^ht. He says-r^Mt seems prpbi^ble 
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to an aJtitttde of about 2,000 feet, 
^bere it reaches a maximum, and that above this elevation 
i]t rapidly decreases/' Now, although the* facts thus given 
are important in themselves, and afford a certain degree of 
countenance to the hypothesis advanced ; yet neither the facts 
nor the reasonings founded on them are sufficient to warrant 
the general conclusion drawn from them by Mr. Miller. 

A return is given of the quantities of rain that fell in twenty 
different places in Cumberland in the four years 1845-6-7 
and 8; and of these places we may, in the first instance, take 
three as a sufficient number to show how far the facts har- 
monize with the law thus laid down, namely, Whitehaven, 
Wastdale-head, and Seathwaite — the first being on the sea- 
coast, the second, inland, at the mouth of the mountain pass 
of Sty-head, and the third, beyond that pass, and in the valley 
of Borrodale. In these three places there fell in the years 
named the following quantities of rain, namely : — 


At WliitehnvciJ, { At Waatdale nead, . At S»Mtl»waite. 

OOTeet above the Sea, \ 16C Feet. }ibo\c the Sea. j 2t0 Teet above the Sea 


In 1845 

Inches. 

49. -^07 

Indies. 

iOs.55 

Inches. 

J 5 1 . .^7 

“ 1846 

49.J31 

106.93 

no.rii 

“ 1847 

42.9-21 

90 . 3 1 

i-.i0.-n 

“ 1848 

47 . 344 

115.32 


Mean 

40,589 

100.00 1 

J 15.03 

Now, the differences in 

the heights of these 

three plar 


are not very great, but the differences in the quantities of rain 
that fell are enormous — quite enough to warrant a suspicion, 
that the very large amount that fell at Seathwaite is not attri- 
butable to the height of that place above the sea, Ilut in 
addition to those three places, there is the Pass of Sty-head, 
1,290 feet high, situated between Wastdale-head and Sca-^ 
thwaite, on which a rain-gauge was placed ; it is, however, so 
cold there in the winter, and the gauge is so much affected 
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by snow and. ice at that season, as to prevent reliance beini' 
placed on it daring that portion of the year. Yet we may 
compare the quantities of rain that fell in the summer months 
only at Sty-head atid Seathwaite, as given by Mr. Miller— >they 


are for the six summer months of 1848 — 

Inches. 

Seathwaite, 240 feet above the surface of the sea 68.96 

Sty-head, 1,290 feet above the surface of the sea 60.35 


Here we find no increase in the quantity of rain that falls 
above 240 feet of height where the gauge is placed in Sea- 
thwaitc. On the contrary, the quantity is greater there than 
at Sty-head, 1,050 feet above it. This fact furnishes rather 
strong presumptive evidence, that the quantity of rain that 
is received in a gauge, at any particular elevation, is not pro- 
portioned to the height at wfiich the gauge is placed. 

In comparing the quantities of rain that fall at various 
lieights, including great elevations, it is obviously necessary 
to compare them during^ the summer months alone, as has 
been done when comparing Seathwaite and Sty-head Pass; 
and tlic facts that are principally relied upon by Mr. Miller, 
and from which he draws his general conclusions, are the 
quantities of rain that fell in twenty -one months in 1846 and 
1847 in six places, namely: — 


Inches. 

The Valley (Waatdalc) 160 feet above the sea, 170.55 

Stv-hoad 1,290 “ 185.74 • 

Si'atoller 1,344 “ 180.23 

sparkling Tarn 1,900 “ 207.91 

Great Gable 2,925 136.98 

.Soaw-foll 3,166 “ 128,15 


Hut these facts, although they countenance the hypothesis 
advanced, do not afford conclusive, or even strong, evidence 
upon the subject. The Valley we see, 160 feet high, has 
170.55 inches; whilst Seatoller, 1,344 feet high, and conse* 
([uently 1,184 feet higher than the Valley, has only 180.23 
inches, not 10 inches more of rain ; whilst Sty-head^ 54 feet 
below Seatoller, has 5J inches more of rain than that place* 





tATW 


high, between the yall^y and Sty-^ead, which 
V^ived 124 per cent* less of rain than the Valley, which is 
only 160 feet high, t showing that here less rain fell in the 
higher than in the lower parts ; and there are other anomalies 
that might be pointed out. It is, however, such a place as 
Seathwaite that shows, in the most palpable and striking way, 
that the amount of rain which is received by the ground in a 
particular Jocality is not determined by its height. Seathwaite, 
not more than 244) feet above the sea, receives more rain than 
any of the places having a greater elevation ; and Mr. Miller 
candidly admits that he is ‘‘ unable to offer any satisfactory 
reason for the great excess of rain at Seathwaite over all 
other valleys.” ^ 

In order to account for the great and unequal quantities of 
rain that fall in different parts of this district, it is necessary 

that we should remember the causes which determine die 

» 


formation of rain at various heights in our atmosphere, as 
already explained. The following figures will show tbfe heights 
at which vapour would be condensed under certain circum- 
stances; that is to say, with the air and dew’-point of the 
vapour at the surface both at 59°, when the tension of vapour 
is equal to half an inch of mercury, the wind at the time 
blowing up a valley and sloping sides of a raCuntain. TJie 
lowest stratum of air being 5Q°, the temperature and dcvv-‘ 
point would be reduced at a height of — 


aoo feet to 58° 
600 “ 57° 

900 « 56° 


1,200 feot to 55° 
1,500 « 54° 

1,800 « 53° 


2,100 feet to 52° 
2,400 “ 51° 

2,700 « 50’ 


Atud all the vapour that existed in the air between the dew- 
points of 59° and 50° would be successively condensed by the 
time ;t}iat^the air and vapour reached the height of 2,700 feet, 
and. rein, .the product of that amount of condensation, would 
be produced at the various heigh t^ as .tlie cooling proceeded. 

Sphere is, bowe vor, a second vproces^ going on under such 



circutnataii^iBl at which, as it modifies tho 

first, it is nece^ary again to notice. When condensation of 
vapour t^kes place heat is liberated, and the temperature of 
the locality is raised. The gases in the part are then warmed, 
and they expand and ascend to a greater height, where they 
are further cooled, and where they condense more vapour. So 
that the vapour is condensed in the first place by the atmo- 
spheric mass being forced up the incline^ plane of the land, 
mechanically, as a wind — and, secondly, by the ascent pro- 
duced by the heating power of condensing vapour ; and whilst 
the mass of air and vapour is carried up from both these 
causes, it is moving forward horizontally as a wind. In the 
locality, then, the .wind moves mechanically towards the upper 
part of the valley, whilst from the heating effects of condensa- 
tion, it is ascending above tliat part; the condensing vapour 
will therefore be liable to be carried above the highest part of 
the land, and the greatest quantity of rain may fall beyond 
that part. And, further— after the vapour has been condensed, 
and the rain formed at a certain considerable height in the 
atmosphere, it has to descend from that height, and will be 
liable, while so descending, to be carried forward horizontally 
by the wind, and will reach the earth at a part beyond that 
over which it was formed. 

Now, to apply this general statement and reasoning to the 
case under consideration : let us suppose that air saturated with 
vapour of the temperature of 59^ passes from the sea-coast, 
near Ravenglass, towards the mountains as a south-west wind. 
When this wind reaches land 300 feet high, it will be cooled 
by ascent 1*^'; and will have all the vapour condensed that is 
contained between a dew-point of 59® and one of 58®. When 
it reached land 600 feet high, 2® of vapour would be condensed; 
900 feet 3®, and so on in succession, 1® more for every 300 feet 
of height up which the air was forced mechanically. Add to 
this the vertical ascent produced by heat from condensatioh, 
and the actual prbgtessive motion of the condensing vapour 
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will be intermediate between the two. Supposing the two 
jPt^es to be 'equals the mass would proceed forward, ascending 
angle of 45®. Sty-head Pass is 1,290 feet high — the 
lim^benc mass, therefore, when it reached Sty-head would 
(^y 4®, and it would be liable to be carried over 
^^i^el^ead of the Pass, rising at an angle of ,45®. We might 
therefore expect, from the known laws of condensation of 
vapour, and of the action of wind, that, under the circum- 
stances described, a larger amount of rain would fall beyond 
Sty-head, than either in the approach to it, or on the top of 
it ; and accordingly it is the fact that a larger quantity of rain 
falls in Seathw'aite, which is a little beyond the Pass, than in 
uny part between Seathwaite and the sea. 

In such a locality the saturated air, forced by the rise of tlie 
land to ascend, entering the wide mouth of the Valley, which 
contracts in breadth as it proceeds, rushes through the narrow 
gorge in the upper part, and over the top of the mountain 
pass, with great velocity and force ; condensation, therefore, 
will take place to a greater extent along this particular and 
comparatively low line, than where the ridge of the mountain 
is higher by 2,0(K) feet. The higher parts stop the passage 
of the wind, which makes its way where there fe the least 
resistance, «nd this is over the pass of the mountain ridge ; 
and as the horizontal rush of air is liere particularly strong, 
any rain that is there formed, or that has been carried thither, 
will be liable to be borne forward until the air loses some of 
its velocity in the comparatively open space beyond the Pass 
where the rain is likely to be deposited — just as running water 
deposits sand when it reaches a wider and comparatively still 
part of a river. In the case stated, the air was supposed to be 
saturated with vapour, but if it should not be fully saturated, 
but have a dew-point of, say 1® below the temperature, the 
, only difier^nce would be that condensation would not begin 
until the mAss of air climbed 300 feet, — a dew-point of 2®^ — 
600 feet ; and other dew-points in proportion. 
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We see, then, why the largest quantity of rain should fall 
in Seathwaite wlien a south-west wind blows from the sea 
over Sty-head, as Seathwaite is favourably placed to receive 
much of the rain brought by that wind ; but other winds 
blo^ in this district during a large portion of the year, and 
as much moro rain fails at Seathwaite than in any other part, 
these other winds must, we presume, also bring rain to that 
place. To see how this is effected, we have to examine the 
shape of the neighbouring country, and particularly in the 
directions from which rainy winds come ; and we may perhaps 
obtain a tolerably good idea of what that shape is from an 
account given in Hudson’s Guide to the Lakes. In this work, 
page 118, it is said — “I know not how to give the reader a 
distinct image of the main outlines of the country, more 
readily than by requesting him to place himself with me in 
imagination upon some*givcn point, let it be the top of. either 
of the mountains. Great Gable or Scaw-fell; or rather, let 
us suppose our station to be a cloud hanging midway between 
those two mountains, at not more than half a mile’s distance 
from the summit of each, and not many yards above their 
highest elevation : we shall then see stretched at our feet a 
number of valleys, not fewer than eight, diverging from the 
point on which vve are supposed to stand, like spokes from 
the nave of a wheel.” Now, this imaginary point in the air 
is nearly over Sty-head Pass. The writer then proceeds to 
describe Langdale, the Vale of Coniston, the Vale of Duddon, 
Eskdale, Wastdale, Ennerdale, and the Vale of Crummock- 
w^ater, and Butterra’ere. And he goes on to say, that ^^such 
is the general topographical view of the country of the lakes; 
and it may be observed that, from the circumference to the 
centre, that is, Itoiii the sea or plain country to the mountains 
specified. Great Gable and Scaw-fell, there is in the several 
ridges that inclose these vales, and divide them from each 
other — I mean, in the forms and surfaces — first, of the 
swelling ground, next, of the hills and rocks, and, lastly, of 
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the jnountains — an ascent of almost regular gradation from 
elegance and richness to their highest point of grandeur and 
sublimity.” Nearly all these eight valleys, in the low flat 
country, present wide openings to receive any wind that may 
be blowing towards them — they contract towards the centre 
where the ground rises ; and the wind, whether it blows from, 
say, the south, south-west, the west, or the north-west, will 
force its way over the lowest points of the central chain, and 
be disposed to discharge rain on the country a little beyond 
those points. Borrodale is just in this situation, and must 
therefore receive rain from every moist wind that comes from 
a southern or w^estern quarter, in the way that has been 
described ; and Seathvvaite seems to be in that part of Borro- 
dale which receives the largest quantity of rain.* 

The large fall of rain in this village is then to be con- 
sidered a result of various rainy win^ blowing up the different 
valleys, and particularly those which lie to the south and west 
of it, as those winds force the mixed masses of air and vapour 
to rise to the lower parts of the elevated ridges that are at the 
heads of these valleys. At or above these parts the vapour 
is largely condensed, and the rain that is formed is carried 
forwards and deposited on the low ground beyond the ridge ; 
but though deposited there it evidently descends from a great 
height. 

Speaking in general language, it may be said that tlie largest 
quantities of rain fall from warm and moist atmospheres, as 
such atmospheres contain the largest quantities of aqueous 
vapour ; and the rain is formed by the condensation of a part 
of the vapour, at a height dependent on the elevation that is 
attained by the atmospheric mass when forced to ascend, and 
♦he difference between the temperature and the dew-point 

^ince this vas inntten, another part that is contiguous has been found to 
receive more rain. It is stated that the quantity of rain that fell annually at 
Seathwaite, on an average of five years, 1845 to 49, was 142.19 inches. In 
1060, it was 143.96 inches, whilst it was computed that at Sprinkling Pass no 
less than 189.49 Inches fell. 
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in that mass. If the rise of the land is great and abrupt, 
approaching a vertical cliff, the larger part of the rain might 
possibly fall on the low ground in front of the cliff, the mass 
of air being unable to pass over it, until such a height was 
attained as would leave little uncondensed vapour existing in 
the air. In such a situation it is evident, that one gauge 
placed at a low level in front of the cliff, might receive more 
rain than another fixed at any height above it. And it is 
equally clear, that when rain is formed whilst passing over an 
elevated ridge, that rain might be received either in a gauge 
placed beyond it, only a little lower, or in one not farther 
beyond it, but fixed in a deep valley below, as is, in fact, 
the case with the gauge at Seathwaite. We may therefore 
conclude, that in a country containing lofty mountains and 
deep valleys, with much irregularity of surface, the height of 
the gauge into which rain falls does not indicate the elevation 
at which it was formed — that elevation being determined by 
the laws of cooling of the aqueous vapour that is contained in 
our mixed atmosphere, whilst the vapour is diffused through 
the gases. 

The following account has been furnished to me of the 

FtiU of Juun in a ijear at Cnchullin Loihje, in the Isle of Skye, being 

the Meaji of the Two Years, from Sept, 1, 1849, to Sept, 1, 1851. 


i 

Iru'lies. 


Inches. 

tlaiiuary 

18.3 

July 

5.1 

F(;'bruary . ... 

liJ.l 

August 

• 10.1 

March 

9.3 

September... 

8.8 

April 

5.4 

October ...... 

18.3 

' May 

5.0 

November ... 

16.7 

: June 

ia.7 

December ... 

11.4 


• 

Year 

133.1 



ESSAY XII. 


On Regiom of Calms and Rainy Seas. 

There are certain localities which have been pointed out 
where vapour is condensed to a large amount, and where as- 
cending atmospheric currents are consequently created, towards 
which winds blow from certain distances. These localities 
are scattered irregularly over the surface of the earth, deter- 
mined, evidently, by the situations’of mountains ; — and many 
of the winds that are thus produced, pass over the sea where 
there are no elevations to.obstruct them, and go on until they 
reach mountains. In some cases these winds may be traced 
backwards from the mountain area of condensation to the 
neighbourhood of a part over the sea wBere a calm atmo- 
sphere generally exists, beyond which calm another wind is 
found to blow in a different direction; and this second wind, 
if followed to its termination, will be discovered always to end 
in another region of condensation, near to or over elevated 
land. These circumstances leave us at liberty to infer that 
the^condensation carried on at the terminations of the winds, 
drew air towards them from certain distances only, and left an 
intermediate part undisturbed, because that part is just equally 
affected by each contiguous wind. This being admitted, it 
Fould follow that the state of calm in the intermediate part 
IS vdue to the equality of the forces exerted on the two sides 
w^ch were drawing the air from it in opposite directions. 
Thet..0 may be three or more localities in wbicli condensadih 
is takibjg place at the same time, all having a tendency to 
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draw air from a particular part, but in which part the different 
forces are so equally balanced as to leave an intermediate 
space undisturbed by their action ; and this space would be^ 
as compared with the lines along which the winds blew, a 
region of calms. 

Now the actual situation of a portion of the Atlantic 
Ocean, not far north of the equator, resembles this hypotheti- 
cal case. It is thus described by one writer Between the 
meridian of Cape Verde and the easternmost of the group of 
islands which bear that name, there is a zone of 350 miles in 
breadth, in which there is almost no wind, except of the most 
variable description. Ships have been known to be here be- 
calmed for whole months.”* This zone extends southward, 
near to the equator, but it changes its place to a considerable 
extent, north or south, with the passage of the sun from one 
tropic to the other, and its breadth diminishes as it approaches 
the American side of the Atlantic, the trade winds from the 
two hemispheres joining there, and blowing as an east wind. 
Milner speaks of this part as follows : — In the basin of the 
Atlantic the zone of the trade winds, which generally occu- 
pies from 2° to 10°, becomes broader, and their direction more 
easterly, as the coast of America is approached, the breeze 
blowing to the very 'shore. In the region of the tropical 
calms, lying between that of the north and south trade winds, 
day after day is often passed without a whisper of wind, and 
the ocean has no movement but that of a long huge swell. 
But for the occasional occurrence of short squalls, the passage 
of this region would be almost impossible to sailing vessels.”f 
And Make Brun says ; — On the confines of the trade winds 
in the Atlantic Ocean, between the 4th and the 10th degrees 
of north latitude and the 330th and 3G5th of longkude from 
tlic island of Ferro, there is a space of sea where the naviga- 
tors find perpetual lightning, with rains so frequent and so 
<’opious that the track has been called the rainy sea.”J This 

* Hutchison, p. 316. f Milner, p. 334, 

t Malte Brun, vol. i., p. 389. 
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description does not accord strictly with Hutchison’s. Tlio 
of calm hasi indeedi a motion^ because the in^uences 
it travel north and south vdth the $11% And 
summer, when the north-^t trade ^nd bio1|S with 
*inferior strength, the calm extends westwardj towards the 
Caribbean Sea. But the proper region of calm has on it$ 
nortliern side the north-east trade wind, which blows from 
near the* Canary Islands to that part of the coast of South 
America that is north of the equator, and the West India 
Islands, whilst on the southern side it has the south-east trade 
wind ; and on a third side it has the western wind that blows 
into the gulf of Guinea, the calm space on its western side 
sometimes terminating in a point at a considerable distance 
from the American cqast. It thus appears that this region of 
calm forms an irregular triangle, and within it we presume 
that the air, as has been described, is generally undisturbed, 
or without any regular motion as a wind, because the forces 
that draw the air on its three sides balance each other. From 
this state of things it would seem to follow, that the air being 
drawn from the outer portion of this triangular space to feed 
the regular winds, its density in that part near the surface of 
the globe must be somewhnt reduced, when the upper air will 
have a tendency to descend. But the great mass of the stag- 
nant air in the central parts of the triangle, as it rests on 
water, and is warmed by a tropical sun, will, in no long time, 
be fully charged with vapour up to a considerable height, — 
the sky over it will be generally hazy and cloudy, and the area 
warm and moist, and ready to produce rain in the central 
part. 

Humboldt sajs that a similar sluggish state of the atmos- 
phere is experienced on the western coast of America, between 
the 13th and the I5th degrees of nortli latitude and 103 and 
106 degrees of west longitude, during the months of February 
^ and March; and when off the Gulf of Panama, April 17th, 
the Hon. P. C. Scarlett describes a part like the rainy sea of 



AND Rainy Seas. 


255 


the Atlantic.* Here no wind was felt; that whifch blows 
along the western coast of South America turns westward 
before it reaches the equatori and the great tropical Pacific 
trade wind commehifes 0B|ly at a considerable distance from 
thie land, that is, much farther westward ; whilst on the 
eastern and northern sides of the locality there are ranges of 
mountains, forming a barrier to the free passage of the 
atmosphere. 

• Bennet says of this neighbourhood, — ^‘The steady north- 
east trade winds had left us at the 7th degree of north latitude, 
and say 110® of longitude, and the south-east passed but 
rarely across the equator, consequently this was a kind of 
neutral ground in which all the elements indulged.. The 
winds were variable, — squalls and calms were frequent, whilst 
heavy rains rendered the process of boiling our oil both pro- 
tracted and dangerous.” In this locality, like that off Africa, 
in the Atlantic, the air is not regularly borne away either by 
the north-east or the south-east trade wind ; the part is there- 
fore a region of calm, in wliich evaporation is left to fill the 
atmosphere with vapour. But this calm region, though it 
may penetrate far into the Pacific, does not extend across the 
whole of it. As in the Atlantic, the two trade winds from 
the north and the south of the equator appear to approach 
each other, and at last join and become an east wind. 

There arc other parts where a similar state of the atmos- 
phere is found at particular seasons, where winds produced 
by continued rains that fall in distant parts, do not exercise a 
constant influence and create a trade wind, — such as the Bay 
of Bengal, the China Sea, and the West India Islands. 
Between the termination of one monsoon of the Indian Ocean 
and the commencement of the other, a period of calm inter- 
venes in the eastern seas, when the atmosphere gets into a 
state similar to that described as generally existing over the 
rainy sea of the Atlantic. The air on these seas becomes 
* * Seo page 67. 
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and evaporation goes on until the atmosphere is 
" saturated with vapour, when disturbance takes place in some 
part gf them sufficient to produde an ascending current of air, 
on which the saturated portion oi^ the lower region is carried 
to the higher, when condensation becomes more energetic, 
and a tornado or typhoon takes place, during which the 
vapour is rapidly condensed, and it falls as a deluge of rain. 

In the months of July and August, *a period when the 
whole northern hemisphere is much heated by the sun, and 
when there is no genera} strong wind blowing from that 
hemisphere towards the equator, the air about the West India 
islands becomes highly saturated with vapour. Under such 
circumstances, a hurricane commenced near Antigua on the 
night of tlie 1st July, 1837, which may be taken as a specimen 
of what frequently occurs. Captain Seymour, when speaking 
of its beginning, says that he observed near the zenith a 
white appearance of a round form, and whilst looking stedfastly 
at it, a sudden gust of wind carried away the top-mast and 
lower studding sails.” The round white appearance was 
doubtless a cumulous cloud. On the 2nd August of the same 
year, in another situation, the Water-witch was caught by the 
skirts of a similar storm, the wind blowing in squalls from the 
west and north-west till the evening, when, says Captain 
Newby, calm succeeded for about ten minutes, and then, 
222 the most unearthly screech I ever hoard, the storm recom- 
mPneed from the south and south-west.” A third liTurricano 

for the year occurred ut Twiduight CvW tl\Q 1 8 th Augusti wiicn, 

after blowing from the north, in an instant d perfect calm 
ensued for an hour, and then, quick as thought, the wind 
sprung up with tremendous force from the south-west, no 
swell whatever preceding the convulsion.” These hurricanes, 
it will be observed, occurred at a time of the year when there 
is no continuous wind in the part, such as the trades, and 
therefore, when the sea had bad time to send an abundance of 
vapour into the atmosphere^ and althdugh there had been some 
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disturbance in the air before the last-named storm, probably 
on account of the contiguity of islands, yet in its fury the 
great rush of air came, not from the north or east, the usual 
quarters from whence winds blow in this locality, but from 
the west and south, the quarters where the largest amount 
of vapour was likely to be accumulated; we may therefore 
conclude that the hurricane was produced by condensation of 
the vapour that had been recently accumulated in a compara- 
tively stagnant atmosphere. 

Between the north-east trade and the south-west return 
wind of the Northern Atlantic, there is also a space which is 
generally found to be without continuous wind, and where, con- 
sequently, calms and variable winds prevail. When the sun is 
on the northern tropic, evaporation goes on here during a 
calm until the dew-point is raised nearly to the temperature, 
and the part approaches to the state of a tropical region of 
cairn that is occasionally disturbed by storms. 

Similar storms are frequently experienced near the Mauri- 
tius in January and February, being the corresponding season 
for great evaporation in the southern hemisphere. The courses 
which they take, or the paths they traverse, are interesting 
subjects to navigators, and attempts have been made to show 
tliat they move in accordance with a regular law, but on 
this point we require further infoj^ination. Colonel Reid has 
bestowed much labour on this locality, as have Redfield and 
Fspy on the sforin regions of the West Indies, but we stand 
ju need of furtlier facts, and especially want information 
respecting the hygromctrical state of the air, to enable us 
to judge of what is taking place in such parts. But it may 
be said that the tornadoes of the Bay of Bengal, the typhoons 
of the China* Sea, the storms of the Mauritius, and the 
hurricanes of the West Indies, — all take place under circum- 
stances that are essentially the same. The air is in a com- 
paratively stagnant state before they begin, and it is loaded 
with vapour, shewing that no continued wind had taken the 
2 K 
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produced by evaporation in * the part to any distant 
ar» of condensation ; it had< therefore, accumulated in the 
%Ntil it was carried up by foe tornado and con- 
But, unlike fo»<condensario»<wl)icb4aka 
^plh^i^gli^st elevated land, no contiauOos'lriBdifidlowi* fosse 
tfo^rids, as generally, in a moderate foue^ 'foeywe wMieeeded 
by calms. **•• 

It is not, however, clear that this is alwf^ foe easo, pW' 
ticnlarly with the tornadoes that arise in foe rainy sea off 
AfH^, as these sometimes appear to produce a wind that 
blows from a great distance to feed the ascending current. 
“The Harmattan” blows from the desert of Nm'them Africa, 
across foe Atlantic coast, extending from 15° of north to about 
1° of south latitude; this wind, therefore, blows towards the 
rainy sea of the North Atlantic, which is off Africa. It 
prevails generally in the months of December, January, and 
February — the time when foe sun is far south and the 
southern hemisphere is fully charged with vapour, and when 
foe rainy sea extends near to the equator. There seems, 
therefore, xeason to presume that when the harmattan blows 
from the African desert, a tornado over the rainy sea has 
created an ascending atmospheric current, ’of such extent and 
strength as to cause air to press from the adjoining land of 
Africa towards it, and this air may constitute the wind that 
has been named, which sometimes blovra from the desert to 
this part of the ocean. The tornado is irregular in its times 
of occurrence, and so is the wind, and the direction of the 
wind is palpably towards the locality <ff the tornado : the only 
point that remains to be cleared up, in order to show 
the connection of the two, is, whether* they exactly coin- 
cide in time? I know of no attempt shaving been made 
to ascertain this fact, — ^nor is it likely to have been inquired 
into excepting by those who sail between Africa and Brazil, 
and they are not persons to furnish ■ infonnation oH' such a 
subject. Some of the steam vessels which- now. traverse foe 
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troiHcal parts of the Atlantic will| however, have to pass near 
the locality where the^iarmattan may be presumed to approach 
the tomadoi and| from persons conducting these vessels, infor- 
mation on the subject may, possibly be obtained* 

^ fWbm U stonns -are entirejj locals, a^ large mass of air 

bjr them to the upper regions of 
the^atmospfaere to be dischai^ed on the adjoining part, and to 
press upon it with additional weight And as this pressure 
will take place when other air is ascending in the vortex, that 
which is pressed up may flow back from above and return to 
the vortex. In this way a kind of vertical ring may be formed 
in the atmosphere^ the ascended air flowing over to adjoining 
parts, and then, in due time, descending like a wheel and 
returning to feed the ascending current But it is obvious 
that the air so descending would be dry — having been deprived 
of its vapour by the cold of the elevated region into which it 
had been carried ; condensation in the vortex would therefore 
soon cease. This view will enable us to account for the sudden 
cessation of some of the fierce storms that occur in these parts. 
If vapour; were supplied continuously near the surface and 
from greater distances, to feed the ascending current, it would 
seem that the storms of these parts could not terminate so 
suddenly as they frequently do. 

We have therefore to conclude, from the various facts that 
have been collected, that, generally, these regions of calms are 
at the time of calm beyond the influence of any of the great 
areas of continued condensation that" exist on the land, or of 
the winds that they create; — and that evaporation goes on 
within the regions until the atmosphere is saturated with 
vapour, when condensation takes place in the locality, and 
the vapour is converted into rain. 

It is within certain parts of the tropical seas that these 
regions have been mostly found,: because, while no regular 
wind exists there, the sun evaporates water with great energy, 
until the air is saturated. But the same processes really take 
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place itk extra»tropicel latitudes at periods when the sun exerts 
great force. In the summer season, over the Northern Atlantic, 
in their character sometimes ocpur; but as the 
i -these latitudes is not so highly chalked 
is in the tropics, the vacuum created by 
den^tion is not so considerable, and the ascendinj; current 
does not there* attain so great a height. Within the tropics, 
the ascending column may reach such an elevation as will 
make the difference between its temperature and that of the 
adjoining air which remains undisturbed, very great, when the 
lightened column will be pressed up rapidly to a great height, 
where expansion by the reduction of incumbent pressure will 
lower the temperature enough to convert the drops of rain 
into hailstones, sometimes of large size. In the temperate 
latitudes the storms are less fierce, and though rain is often 
carried so high as to be frozen into hail — the hail is of a 
moderate size, and the thunder and lightning, that frequently 
accompany it, are less awfiXl than within the tropics. 

But it is not over the sea alone that such storms take place, 
as they may be produced wherever a sufficient quantity of 
aqueous vapour is sent into the air by evaporation. This may 
occur over low land, or even against the sides of mountains, a 
temporarily saturated locality being the only requisite essential 
to their production. There are certain parts on land where 
they are produced periodically, and due examination would, 
no doubt, shew that when they occur in such parts, air more 
or less sta^ant for a time has allowed evaporation to proceed 
until it was sufficiently charged with vapour. There are oilier 
places where little storms resembling the large ones occur 
daily. On the west coast of America, near the equator, and in 
the island of Jamaica, near Kingston, we are told that thick 
clouds form daily, a little after noon, against the sides oi‘ 
mountains, when heavy rains fall and loud thunder is heard 
for a short time. These are, in fact, tornadoes in miniature — 


ftbrisos sitnilar 


v^ipbur, as it 
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but they are confined in the locality by the daily solar influ- 
ence on the adjoining sea^ and the particular elevation of the., 
land. 

l^ch stormsi however, cannot occur where the* ppreat trade 
wiiida blow. In these winds the vapour is regularly carried 
by the moving mass of air, from the place where it is evapo- 
rated, before enough is accumulated to saturate the air. In 
the Pacific Ocean, at a certain distance from tlie tropical 
‘American coast, navigators speak with delight of the trade 
wind that is there found. The ship is said to be borne along 
by a steady moderate wind, the air being clear by day and 
the sky bright at* night, but it is because far to the west con- 
densation of vapour is drawing the mass of the atmosphere to 
that distant part before it is fully saturated. The same kind 
of circumstances is found in both of the trade winds of the 
Atlantic. From the Cape of Good Hope to St. Helena, and 
afterwards to the island of Ascension ; — and from the Canary 
Islands towards Barbadoes, but particularly in the eastern 
parts of these winds, steady breezes and clear skies are found. 
Even in the stormy south-west monsoon of the Indian Ocean, 
from say 10"^ south of the line, to as many north of it, say 
between Madagascar and |he Arabian Sea, there are no storms 
or very cloudy skies. When any of these winds cross a wide 
ocean, there is no doubt that the point of saturation may be 
approached before the area of condensation is reached. But it 
would appear, from numerous facts observed, that the higher 
the temperature and the more compile the saturation where 
the condensation takes place, the more rapid is that condensa- 
tion and the stronger the wind. The ascending current, in 
the area of condensation, more or less effectually drains the 
lines over which the air passes of their vapour, and this 
draining is suflicient to prevent such an accumulation of the. 
vapour as is found in regions of calm. It is evaporation alone 
that furnishes the vapour which creates local storms, and also 
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ihftt leeds rains among mountains ;-^the great natural 
operations are the same, the circumstances that accompany 
them alone differ; and when we obtain the key to those 
t^pmrations; in a knowledge of the la#s that govern evapbra- 
water and condensation of tapour in sncdi a body as 
e, all the inodifioations that molt 
Ifreumslances maybe accounted ion And a8-evap<raa^oh' is 



gOneraliy biking place at the surihce of water '.to some exdint in 
all latitades, where, if undisturbed, vapour would accumulate 
to the point of saturation, we may be assured that, when the 
• atmosphere over the sea is dry, wind is taking the vapour to 
some other part to be there condensed. Even beyond the 
tropics, when the air is stagnant, and becomes fully saturated, 
storms will alternate with periods of calm, — and the locality 
may'be considered as approximating to a region of calm, or a 
rainy sea, as the stillness of the air or the fall of rain is more 
particularly noticed. 

In the latter part of summer, in Italy, I happened once to 
be standing on one of the small Borromean Islands in Lago 
Maggiore. The day was fine, rather warm, and perfectly 
calm. Looking around at the mountain scenery, my attention 
was arrested by a dark spot being^ormed in the previously 
clear atmosphere, which spot enlarged in size rapidly. On 
directing the attention of a gentleman, who was with me, to 
the dark object, he exclaimed — “ Ah, we shall have a storm !” 
As all around, excepting the small cloud, was clear and calm, 
tills seemed strange. But the cloud rapidly increased in size ; 
a slight flash of lightning struck out of it ^it grew blacker, 
and spread very quickly, until in a short time it covered the 
vtiiole of that part of the lake where we stood. Rain com- 
menced falling, and soon became a torrent, such as is not 
often seen in England, whilst winds blew in gusts from dif- 
ferent quarters. Shortly the storm moderated, less rain fell, 
the wind cfied away, and all became flne again. It appeared 
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that the whole had taken place within about a quarter of an 
hour ; and after the storm, the atmosphere was evidently less 
moist than before. It seemed that the atmosphere had been 
for some time before at rest, and during that time, evaporti- 
don from the lake had pretty fully saturated it with vapour. 
A al^bt disturbance of the air had probably forced some of 
it from die lower part up the*nde of a steep moontaio, and 
caused some of the vapour to be there condensed, and dds 
formed the dark spot 1 first saw. An ascent of the cloud 
now took place, and the condensation within it not only pro- 
duced an ascending current and raA, but spread the cloud* 
until the lake was covered. The vapour was now carried to 
a sufficient height to condense much of it, and the stock 
appeared to be soon exhausted, as the rain ceased, and idl 
became fine again. This was a small specimen of what nature 
accomplishes on a much larger scale over great oceans. 



ESSAY IIII. 


Oh the principal Winds of the Northern Atlantic Ocean, 
and of the British Islands. 

The seasons of the year,— the wet and the dry, as well as 
the hot and the cold,— are determined by the position of the 
sun in the heavens, and by the different degrees of influence 
which that body exercises^ver the various parts of the earth. 
When the sun is over the tropic of Capricorn, it heats the 
whole southern hemisphere, and produces there a certain high 
range of temperature, leaving the northern hemisphere com- 
paratively cold ; but when it passes into the northern tropic, 
the effects produced are somewhat different. In the former 
case, the heat acting on the great extent of water which exists 
in the south, vaporises much of the water, and the whole 
atmosphere there becomes highly charged with vapour. In 
the latter, vaporisation is less as the aqueous surface is less ; 
vaporisation is, therefore, different in the two hemispheres, 
and produces somewhat different effects. 

Two important results of the different influence of the^un 
in the two hemispheres are, the periodical falls of rain in 
particular localities, and the winds that are consequent uj)on 
them. When the sun heats the southern hemisphere, a large 
amount of vapour is not only produced, but condensed tlicre, 
thus heating the air by condensation in certain parts of the 
hemisphere, when colder air flows to these parts, not only 
from other portions of the southern, but it may be to sonu^ 
extent also from the northern hemisphere : and as at the 
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same time vaporisation is not equally active in the north, .that 
time becomes the dry season of that part. Cold and dry 
winds then blow towards the equator over the northern lands 
and parts of the seas; and from the latter they take up 
and convey it to areas of condensation sometimes even 
beyond the equator, in this way, North America, Europe, 
and Asia are traversed by dry winds in the winter season> 
but those which cross the Atlantic Ocean, in warm latitudes, 
become more or less saturated with vapour, though in the 
colder parts, when passing over land, they had been com- 
paratively dry. 

The British Islands are visited by these dry winds, to a 
certain extent, every winter, and they are generally the most 
decidedly dry in the latter part of it, or about the month of 
March. At this time the great northern wind that blows over 
Asia and Europe generally extends far westward, reaching the 
British Islands as a north-east wind. Considerable irregularity 
occurs in this wind, as sometimes it is feeble and of short 
duration, whilst at other times it is strong and continues for 
a comparatively long period. The particular cause of this 
wind has not, I believe, been explained, nor have its great 
fluctuations been accounted for: and it probably will be found 
that the atmospheric disturbances that produce them, are so 
complicated in their working as to render it difficult to give a 
clear account of them. Meteorological registers for extended 
periods, have been*carefully examined by many persons, for^ 
the purpose of finding evidence of periodicity in the wetness 
and dryness of the weather over the British Islands, but no 
satisfactory results have been obtained from such labours. 
Some meteorologists have indeed thought that they had found 
sufficient evidence of recurring cycles of wet and dry seasons, 
but they could not agree what those cycles were, some making 
them longer and others shorter; — whilst they did not even 
j)rofess to be able to connect the supposed facts with their 
causes. The whole subject, therefore, remains in obscurity, — 

2 k 
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rienced, and that in the latter portion of the winter, of. in and 
a1)out the month of March, dry north-easterly winds generally 
prevail. 

But although the operations of nature in producing this 
kind of weather, at this period of the year, may be so com- 
plicated as to render us incapable of following them in detail, 
it may be possible to obtain a general view of the nature of 
the operations that are taking place. Arid if we can, by 
bringing together scattered facts, become satisfied respecting 
the nature of the* causes that are in action, we may be able 
to arrange the facts^ and make them evidence of the kind of 
processes that are going on, sufficiently strong to justify us 
in drawing* certain general conclusions. In attempting this, 
however, we shall be obliged to travel over a large section of 
the surface of the globe, as the operations that have to be 
traced extend to great distances, and they produce important 
effects in parts far from the places where the primary causes 
are in action. We must recollect that the atmosphere, in 
which the changes occur, is a body of such a very moveable 
nature, that when materially disturbed for a considerable time 
in any one part, it acts strongly on adjoining parts, and the 
effects are successively propagated to such great distances as 
to inake it difficult to follow the chain of causes to the 
ultimate effect : this difficulty, however, must be encountered 
and overcome, if we are to comprehend the phenomena that 
are under consideration. 

In the present inquiry, the first place to which we may 
direct our attention is the eastern side of the great Cordillera 
of the Andes, south of the equator, a region of abundant 
condensation of vapour, which condensation, as has been 
ahewn, must create great ascending currents in the atmosphere, 
towards which honzontal winds must blow from considerable 


‘ season, oh' an aveihge'df a' stfiBSi^tijr 

l&t tieriod, a particular bind of weather has heett'expe- 
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disli^cea. Thyisji ^ (^ when over the southern 

troj^^» m At tbat time an ahnnd^ice of vapour, is produ^ 
a nppUed from ^he southern Atlantic and Indian oceahs, 
even as far as\the coast of Australia — the south-east trade 
wind then blowing over these oceans in its greatest strength. 
In the Atlantic, this wind is found so far south as SO*’ of 
latitude, and it extends from that part to the equator. Now, 
the vapour thus taken up is borne along by the wind to that 
part of the lofty ridge of the Andes which lies to the south of 
the equator, where it is largely condensed, and where ex- 
tremely heavy rains fall. The river Madeira, the greatest 
tributary of the mighty Amazon, — the Ucayali, and other 
rivers, collect their waters from this part, extending consi- 
derably to the south, and they are at their greatest height in 
December, which is before the Amazon itself is much swollen 
by rains. “ The rainy season,” says Smith, in his account of 
Peru, sets in in the upper parts of the country that supply 
the water of the Amazon about the end of September, but 
does not commence at Para till towards the end of the year.” 
Part of the northern Atlantic, no doubt, assists the southern 
in feeding this great area of condensation, as the northern 
trade wind reaches Brazil while the southern is blowing 
strongly in December; but it contributes vapour in an 
inferior degree, as the winter seas of the north, being compa- 
ratively cold, do not furnish vapour in equal abundance to the 
atmosphere as the seas of the south. But the north-east 
trade wind at this time blows with considerable force near the 
equator in tl^e Atlantic — over the Caribbean sea, and up the 
valley of the Orinoco, terminating its course against the 
eastern side of the Andes, where heavy rains fall. This wind 
extends in breadth from near the equator to about thirty 
degrees north, and it blows across the Atlantic from near the 
Canary Islands to America. 

But, in the month of January, as the sun advances from the 
south towards the equator, it heats the northern tropic and 
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eyaporatiba! from 
TlM^iiipplj' of vapour-^ 

greater from the northern and sirialler^ftybl' 41)10 
bbilthern hemispheres, and the area of copious dondeasation 
Dear the Andes moved northward; and as the southern trir 
batary rivers rose to their highest levels, and overflowed their 
banks, shortly after the sun was on the southern tropic, so, as 
it passes northward, the northern rivers swell and overflow,— 
the Orinoco as well as the northern feeders of the Amazon 
being filled when the southern rivers have subsided, shewing 
that vapour is now condensed along the great line of conden- 
sation of the Andes, more to the north and less to the south 
of the equator ; and the winds which convey the vapour pass 
less from the south and more from the north Atlantic to the 
sources of the Orinoco and the Amazon. The northern winds 


at this time blow strongly over the Caribbean sea and Vene- 
zuela, whilst the trade wind in the open Atlantic increases in 
strength. It would, however, seem that this trade wind could 
not continue to blow as it does unless air was supplied not 
merely from adjoining districts, but also from parts more 
distant; and accordingly it is found that at this time north- 
east winds prevail to greater or less extent over northern 
Africa, Spain, France, and Germany. 

While, however, wind is blowing over these last-named 
countries toward the Canary Islands, the comparative* warmth 
of the Atlantic Ocean, in the middle and northern parts, 
produced to some extent by the great gulf stream that flows 
into it from the soutli, is furnishing vapour to the atmosphere 
that rests upon it, and this vapour is liable to be taken to 
contiguous countries and condensed in them. Iceland and 
Norway, in fact, receive a portion of it in thick snows that 
fall in those countries in the early part of the winter, brought 
by southern winds; and Ireland, Scottland, and the western 
side of England have their share of this vapour, and ^aro 
occasionally supplied with it in abundance in the. earlier 
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part; of the yes^^ ishe middle portion of the Northern 

Atll^tic Oceaiii cooled downv like. the land of the 

Cohihieirt in peridw tatitudesi endagh to .cause the mass of 
air resting upon it to flow decidedly towards the souths the 
air over the sea remains exposed to local influences^ and the 
elevated lands of the northern countries become areas of 
condensation of the vapour which the Atlantic#furnishes; — 
hence we have, frequently, in the last months as well as in 
the earlier part of the year, in this country, copioUs rains 
brought by winds which come from even the southern part 
of the Northern Atlantic Ocean. These rains, however, are 
irregular, as the causes which determine the northern winds 
to blow over Continental Europe sometimes extend their 
influence to our islands, when the winters are by them* made 
cold and dry. 

Were the whole surface of the globe, to the north and 
north-east of the parts over which the north-east trade wind 
now blows irregularly, either water or low land, it is probable 
that a wind would be found blowdng constantly between the 
present locality of the northern tropical trade wind and the 
IF’itish Islands, and the whole would be one great wind 
biowing from Western Europe over the Atlantic to tropical 
Atnerica. This, however, seems to be prevented by elevated 
land in Africa, Spain, Portugal, and Switzerland. For, as 
the po\ver of the sun increases in the northern hemisphere, 
and evaporation from the northern seas fills the air more fully 
with vapour, some of it becomes condensed against these 
mountains, where local ascending streams in the atmosphere 
are created, and new horizontal aerial currents are produced, 
breaking in upon and destroyiug, for the time, the regular 
trade wind. The influence of these new movements of the 
air is seen in the stormy Bay of Biscay and adjacent parts, 
extending to the British Islands, where it has been observed 
that northern winds prevail in the winter and spring, when 
heavy rains fall in Spain. A writer in the Gardener's 



>lt>n^ Sill, 1844,»sayB— *‘!F kto I 

||^f«.f0ceived of unusual rains in Andalusisi and aloog the 
^8t of Algiers, I attribute to them the long coritinuance of 
the north-east winds of England and France. When the 
Duke of Wellington was in Spain in 1809, when his 
despatches mentioned the bad state of the roads owing to 
rains, I noticed that we had northerly winds in England; 
and I have afterwards recorded in my weather journal a 
current of air towards any place where there has been a great 
precipitation of rain or snow.*' I have myself sought for 
accounts of weather in the southern parts of the Peninsula 
when we have had continued north winds in England, and 
those accounts have commonly represented the weather as 
being extremely wet in Spain when we had north winds in 
this country, but they are given in such vague language as to 
be scarcely worth quoting. 

The following is, however, a sufficiently intelligible speci- 
men of these accounts. The first is from the Daily News of 
June 6tb, 1853, in which it is said — ‘‘ The weather has 
been most ungenial in the the south. The TaguSy which 
brought home the Peninsular mails on Friday, experienced 
very rough weather on her homeward voyage. At Cadiz, 
the weather was very cold and rough; such weather 
scarcely ever remembered there at this season of the year. 
At Gibraltar, also, the weather was unseasonable ; a fleet of 
merchant-men, mustering between three and four hundred 
sail, was wind-bound at Gibraltar when the Tagus leit; the 
destination of most of them was England. A steam-tug at 
Gibraltar would be a fortune.” And the Lisbon corres- 
pondent of the Morning Chronicle says, on May 29th, (the 
same year,) — This has been the most rainy season ever 
known in this country, and the crops are all extremely 
backward.” Now, at this time the weather in England was 
remarkably dry and cold, the wind being generally from the 
north. The rain that fell at Manchester in February was 
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only l'68in. ; in’* MarcIi/ i*f4; ittd in April, 2*05 ; riot one- 
half of th^ir average quantity. The atlas range of the 
African mountains appears to exercise fhe same kind of dis- 
turbing influence here, when heavy rains fall there, producing 
new movements of the air, and breaking in upon the more 
general currents of the atmosphere. These, however, are 
temporary fluctuations, and are only modifications of the 
principal winds, as the vapour raised by the sun in the winter 
and the early part of spring, from the southern portion of the 
northern Atlantic, is largely condensed amongst the West 
India islands, and against the Cordillera of the Andes, ex- 
tending to the equator. 

That sagacious and indefatigable observer of nature, 
Humboldt, has given an account of the rains which precede 
the rise of the waters in the basin of the Orinoco, and of the 
winds which flow in the adjoining regions at the time, and the 
Rev. T. Milner, in his compilation, after quoting largely from 
Humboldt, says — The seasons of rains and thunder in the 
northern equinoctial zone coincide with the passage of the 
sun through the zenith of the place.” While the breeze 
from the north-east blows, it presents the^ atmosphere from 
being saturated with moisture.” When the sun, entering 
the northern signs, rises towards the zenith, the breeze from 
the north-east softens, and at length ceases ; this being the 
season at which the difference of temperature between the 
tropics and the contiguous zone is the least. The column of 
air resting on the equinoctial zone becomes replete with 
vapour because it is no longer renewed by the current from 
the pole.^' Humboldt thus shews why during our summer no 
regular wind from the north blows over the Caribbean sea. 
In that season evaporation saturates the air with vapour, not 
only over that sea, but to a considerable extent over northern 
parts of the Atlantic, when rains accompanied by local winds 
and calms alternate about the islands in and near it, the extent 
of local atmospheric disturbance being proportionate to the 
amount of vapour condensed in each part at the time. 



ttSt ; tBB llb&TH&Eii Atlaktic; 

Towards tbe latter portion of the winter, however, and par- 
tbmlmrly about March, condeasathn generuUy takes place 
further north in AmSrica, as Cuba, Florida, Louisiana^ and 
Texas are then frequently visited by heavy rains, which in 
’some years extend still further to the north, and produce pal- 
pable effects on the winds of the middle Atlantic^ making 
them more decidedly east, and drawing air from the more 
eastern part of that ocean. These are, indeed, the winds that 
frequently impede the passage of ships from the United 
States to England at this season. 

In the year 1852, in this country, north-eastern and eastern 
winds blew almost continuously for two months, that is, from 
the middle of February to near the end of April, during 
which time scarcely any rain fell in England. One account in 
the English newspapers says that intelligence was received 
at Lloyds on the 21st April that the wind, which for the last 
two months had been blowing from the eastward, and locking 
out the homeward-bound vessels from America, had in the 
two preceding days shifted to the westward.” The news- 
papers from America up to the 7th of April, also say that at 
the time these winds were blowing over the Atlantic, furious 
storms occurred at the Havannah, New Orleans, and Texas, 
and in parts of the United States further to the north. An 
arrival from New York up to the 21st April sa:ys that a good 
deal of damage has been caused by the rising of the waters of 
the Monorigahela and Alleghany rivers, particularly in the 
neighbourhood of Alleghany city, and at Pittsburg. The 
waters reached within two and a half feet of the great freshet 
of 1832.” ‘^Tlie papers abound with reports of floods in all 
the rivers.” One account from New York of the 24-111 says — 
Several villages in Virgina had been entirely destroyed by 
the recent floods.” Another that “ considerable damage had 
been done in the neighbourhood of Boston.” The Potomac 
and Susquebana have also been flooded in an extraordinary 
way; and on April 19th the great Ohio at Cincinpati :w#s 
rising.” 
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Now it is evident that these storms and heavy rains must, 
in the locality in which they took place, have produced 
important ascending currents in the atmosphere, into which 
air flowed to feed them, doubtless from the low level of the 
Atlantic Ocean ; and ultimately this air would be dra%n from 
the countries beyond that ocean; and the easterly winds which 
blew during the two months of March and April in the British 
Islands may have been, and, we may infer, were produced in 
this way.* Similar causes arc in operation generally in the 
'United Slates at the same season, tliough on an average they 
act with less force and produce less effect than they did in 
this year. But such operations account for the prevalence of 
east winds of greater or less strength at tliis time of the year, 
in the Northern Atlantic, as well as for the winds of this 
country then inclining to be more east than north. 

But as the sun advances towards the northern tropic, he 
more fully lieats the northern hemisphere, and brings the 
different parts of it nearer to an equality of temperature. The 
air of the noith, in tlie lower regions, as stated by Humboldt, 
tlicn presses with less force towards the south, leaving the 
atmosphere in the locality without regular winds and com- 
])ara lively calm ; whilst the rise of temperature increases 
evaporation from the sea and fills the air over it with a 
greater abundance of vapour. A consequence of this is, 
that, from causes that are always in operation to produce 
slight movements of the air, condensation of vapour is begun 
over some of the elevated lands of Europe, and a south or 
south-west wind in England may be produced by condensation 

* I'hc wenther in liancashirc at the period named, in this year, was so extra- 
ordinary as to warrant a more particular notice of it. Vapour from tho Southern 
Alhintio had brought large quantities of rain in January and during the first half 
of I'^cbruary. Hut after the 17th of February, at the Reservoir, near Manchester, 
it rained only on 1 3 days out of GtJ. and the whole (quantity of rain that fell during 
that lime was but , AG, or little more than half an inch. This, it will be observed, 
was when the eastern 'side of the United States was deluged with rain, and east 
winds blow in tho Atlantic. 

2m' 
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wdst wind by ‘fain in- Germany, -Hind: a^nbrth- 
SiSit by rain or snow in Switzerland ; and these diflferen^'winds 
pass from the Atlantic, taking vapour with them, to 
tiie different areas of ^condensation. 

Blit is condensation now takes place more freely in Europe, 
and air is thereby drawn from the Atlantic, less vapour will 
pass from the middle Atlantic towards the West Indies. The 
Caribbean Sea will now have supplies of vapour only from 
itself and southern latitudes, and calms will be there expe- 
rienced until evaporation saturates the air, wlien local storms 
will occur, to give place in due time to new summer calms. 
The whole northern hemisphere, at the same time, being 
nearer to an equality of temperature, and tlie air over its seas 
being more fully saturated with vapour, a number of compara- 
tively small areas of condensation in the north will *be created, 
towards each of which winds will blow with a force propor- 
tioned to the amount and rapidity of the condensation which 
takes place in each. Under these circumstances, it is evident, 
that no general wind can blow from this country towards the 
south-west, as it does during the month of March. 

On the arrival of June, an approach to the state of the 
atmosphere that has been described is experienced, in the 
British Islands, and, in July and August, the air over them 
and the adjacent seas becomes prfetty fully charged with 
vapour. The dew-point approaches the temperature when, 
on any moderate movement taking place which shall cause 
the air near the surface to be raised to a considerable height 
in the atmosphere, condensation commences and a summer 
storm is produced. An ascending current then carries the 
vapour that has accumulated in the low’cr part of the atmo- 
sphere into lofty and cold regions, condensation is rapid and 
energetic, and heavy rain falls, producing a local storm. But 
as the vapour will have been furnished from the immediate 
locality only, and a fresh continuous supply cannot be obtained 
from a distance, because similar operations are going on there, 
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the liWm sooR ii^asj(»r, As a stormtin harvest general^ does; 
and the result is^ that the atmosphere in the part which had 
been previously saturated with vapour, is now left compara-' 
tively dry, and the air is said to be cFeared.” 

But condensation, we have seen, takes place more frequently 
against the sides of mountains than in the open atmospheric 
space. The saturated air, forced up the inclined plane of a 
mountain, has some of its vapour condensed there, when fresh 
air presses into the vacuum that is formed, and thus a supply 
is furnished to the locality which may be brought from greater 
or less distances, according as this particular part, or rather 
the condensation that is going on in it, is able to draw supplies 
to itself. The pennine chain of mountains which separates 
Yorkshire from Lancashire thus receives a large quantity of 
rain in the summer and autumn, — the mountains of Cumber- 
land receive a still larger supply, — and the western parts of 
Scotland have their full share, the principal part being brought 
from the south-west or west, as tlie wanner sea that furnishes 
the vapour is situated in these directions ; and this accounts for 
the south-west and west winds that are so prevalent in these 
parts in the summer and autumn. The Continent of Europe 
also has a number of elevated lands against which condensa- 
tion takes place freely, and the supply of vapour for these 
parts must also, directly or indirectly, come from the Atlantic 
Ocean. Hence the westerly winds that blow far into the 
Continent, are constituted of masses of air drawn from the 
space over that ocean, many of them passing over, or near to, 
the British Islands, after having traversed the sea, sometimes 
from so remote a distance as the United States of America 

V 

and the West Indies.^ 

the Liimtry Qnzette of February 12th, 1053, it is stated that Col. Sabine, 
in a paper read to the Royal Society, said that ** recent investigations have led 
to the inference that opposite conditions of weather prevail simultaneously iu 
the same parallels of latitude, under different meridians, and that in particular, 
Europe and America usually present such an opposition, so that a seyere winter 
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' Vfhn^ Wiiilig on disturbance in different parts of the attno- 
i!^fa^re> are not able to speak of the place in which it occurs 
with the same precision that we can when describing what 
takes place on the surface of land. The exact situation of a 
mountain^ a lake, or a river may be given, but an ascending 
atmospheric current, or the horizontal wind that blows towards 
it, can only be pointed out in a general way. Different atmo- 
spheric movements, too, often originate in different places at 
the same, or nearly the same time, and they act with such irre- 
gular forces, and affect each other in such different directions, 
as to render it impossible to define their respective limits, or 
to measure the degree of power with which each acts on the 
adjoining portions of the atmospheric mass. They also cross 
each other in various ways, whilst each separate movement 
may be propagated through the whole mass in all conceivable 
ways, and to undefinable distances. Condensation may bo 
taking place in Spain, in Switzerland, and in Norway at the 
same time, and the ascending currents produced in these 
different parts of the world are supplied from other parts 
according as the adjoining air presses with less or more force 
towards each vacuum : — and it may be either in direct lines, 
or by circuitous routes that they pass, whilst fresh areas of 
.condensation may be created by tliese new currents passing 


here corresponds to a mild one there, and vice versa ; and recent theories of the 
distribntion of heat on the surface of the globe profess to furnish the explanation.” 
But this transfer of the severe winter in the same parallel, from one part to 
another, in different years, is not confined to longitudes, as the same thing may 
t^e place in latitudes. And it is very likely that the causes which determine 
the weather to be wet or dry, in a particular part, on St. Swithin s day, (July 1.*),) 
may ohange^their places in different years, and cause wet or dry weather, according 
as the one or the other prevails on that day, to continue for a considerable time. 
If condensation take place on that day suificient to produce rain, vapour from the 
Atlantic may be brought thence freely for some time ; — but if fclie vapour sh^ld 
at that period be taken to some other part, say America, it may continue to go 
towards Amcrioa for some time. The supposed influence of Si. Swithin must, wo 
presume, have appeared to our forefathers to be in accordance with the weather 
experienced at the time in eaoh year. 
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over otj^er elevated ’lands, —-producing various and indefinite 
changes, and rendering it impossible to define the limits of 
particular movements, or to measure their forces. All that is 
possible, therefore, in the present state of our knowledge of 
the subject, is, to seize the most prominent facts, and ascer- 
tain, as far as we are able, the nature of the causes that are 
in operation, leaving to future inquirers the task of making 
more minute investigations as knowledge is extended. 

All this being considered, and due allowance being made 
for the obscurity of the subject, we may then say that it has 
been shown by reasonable evidence, that the north-east and east 
winds of March in this part of the world are caused by con- 
densation of vapour in or about the West Indian Islands, and 
the United States of America drawing air from this locality 
to fill up the partial vacuum that had been there created 
by that condensation ; — and that the various and irregular 
western winds that blow over the Atlantic in the summer and 
autumn, arc caused by vacua produced by condensation over 
the elevated lands that exist in the British Islands, and on 
the Continent of Europe: and that these last-named winds 
soinctiines continue through the early part of the winter, 
while the Atlantic Ocean retains some of its summer warmth, 
giving us the heavy rains that occasionally fall at that period 
of the year. 



ESSAY XIV. 


On Winter leotKermal Lines in the Northern Hemisphere* 

To attempt to exhibit isothermal lines in the atmosphere, 
Oil a wap of our globe, was an important step in the progress 
of metevological inquiry. It was previously understood that 
those lines did not coincide with lines of latitude, and that 
they were differently affected by the surfaces of the globe 
being dry or covered with water: but the great inequality in 
their distances from the equator was not fully known until 
the construction of a Map of Isothermals by Humboldt 
exhibited them. 

The earlier attempts made were to show the lines of equal 
mean annual temperature; this, however, it was soon per- 
ceived, indicated very iniperfecily the causes of the irregu- 
larities, as those causes evidently operated in both the northern 
and southern hemispheres differently in the winter to what 
they did in the summer. And it was felt to be particularly 
desirable that we should know what are the influences which 
determine the isothermal lines to be so irregular, in the 
winter of the northern hemisphere. This want has recently, 
to a considerable extent, been supplied by Professor Dove, 
who has, with great labour, constructed Charts showing the 
monthly isothermals at various distances from the equator, in 
both the southern and northern hemispheres. We are thus 
fuijiished with additional means of tracing out the causes 
that are in operation to produce the diversified temperatures 
which are found at the same times over the same latitudes on 
different meridians. 
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The general mean temperature of the air, over the entire 
globe^ near the surfacoi is by the Professor taken at 58^.2 
of Fahrenheit, -^the mean of the southern hemisphere being 
66^, 4, and of the northern, 60®. Thus there is a certain 
deviation, in each hemisphere, from the mean temperature 
of the whole globe. But the departures from the means in 
certain parts of various latitudes, are far greater than that 
which takes place in the two hemispheres, and are such as to 
show that some powerful cause is in action to produce the 
results that are found in many localities. 

In addition to the effects produced directly by the sun, the 
influences pointed out by Professor Dove, as producing various 
results, are , — the irregular distribution of land and water , — 
the different effects of the suns rays on those substances, and 
the influence of warm or cold currents of water of the ocean 
on the temperature of the part. 

There is no reason to doubt that these influences do produce 
certain effects on local temperature, as we know that the direct 
lays ol the sun act variously on different substances, producing 
in them difl’ereiU temperatures, wdiich to some extent must 
affect the air in the localities where they exist. But it is not 
enough to show that these causes produce some effect, as we 
require to be satisfied that they produce the eflTect attributed 
to them. And if they were the real causes, it could be shown 
that wherever they arc in full operation, similar effects are 
produced. 

In the winter of the northern hemisphere, when North 
America and Europe are cooled down, as shown in the iso- 
thermals for the month of January, the temperature is com- 
paratively higli over the sea in that part of the Atlantic that 
is between tliese continents. But does this difference corres- 
pond with the relative extents of land and water in such way 
as to indicate that they have the relation to each other of cause 
and effect.^ The Northern Pacific Ocean is about twice as 
broad as the Northern Atlantic up to the latitude of above 
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50^ — hut the former is not proportionately warmer than the 
latter. It is on the contrary coldpr, as may be seen from the 
isothermal lines over the two oceans and adjoining parts — the 
temperature that is found at 58° of latitude in the Pacific 
being carried as high as about 70° in the Atlantic and Polar 
Seas, as may be seen in the Chart, plate 5. These facts 
indicate that relative breadth of land and water is not the 
cause of the irregular rise of the isothermal lines in these 
parts; and they show further that even in winter, when the 
land is generally much colder than the water, the temperature 
®^^3y, by some cause, be made as high over the land as over 
the sea. 

If the water of the ocean produced the effect that has been 
ascribed to it, the isothermal lines would be at the same height, 
in the same latitudes, over the land on each side of the same 
ocean, but it is well known that they are not. The isothermals, 
as may be seen in the Cliart, rise in the winter from central 
Asia and Siberia to the middle of the Pacific Ocean, showing 
that the air over the water is there warmer than the air over the 
land, but they rise still higher as they approach the American 
coast, and attain the greatest height in that part which is near 
to, or actually over, the land in America, thus exhibiting the 
air over the land there as much warmer than it is in Asia, and 
even warmer than it is .over the water in the middle of the 
Pacific in the same latitude. In the Atlantic, too, the same 
isothermal that on the Amracaw side of that ocean is In the 
latitude o£ from to 44*^, near Newfoundland, reaches to 
mote than (O'*" on the liurupccm ride. And Nowfonndhiiid, 
tbougV c\oac to Vho v«^v\x\ ^\\[( w colder than Iceland, 

which is surrounded by a far colder m, and touches 00^ of 
latitude. 

Professor Dove speaks generally of the gulf stream of tlie 
Northern Atlantic, as materially affecting the temperature of 
the part up to a high latitude, but beTloes not show it to be 
the cause of the phenomenon under consideration. It is well 
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known that that stream is turned from its northern direction off 
Newfoundland, across the Atlantic to Ireland and the Bay 
of Biscay, and it is even thrown back on the coast of Africa. 
Humboldt thus speaks of it in its northern part. He says — 
In the meridian of Halifax, the current is nearly 276 miles 
broad. Here it turns to the east, its western margin touching 
the extremity of the great bank of Newfoundland. From this 
to the Azores it continues to flow to the east and south-east, 
still retaining part of the impulse.** “From the Azores it 
directs itself towards the straits of Gibraltar, the island of 
Madeira, and the coast of Africa.** This account is quite at 
variance with the idea that the gulf stream ascends to a great 
height in the Northern Atlantic. The frequent appearance 
of icebergs off Newfoundland indicates that a current sets in 
here, not northward, but towards the south. And Milner 
says that “ the north polar current appears to strike the coast 
of Asia, and, passing round the north cape of Europe, it 
crosses the upper part of the Atlantic, running to the south- 
west.”^ Malte Brun also says that “the polar currents of 
the north exhibit very remarkable effects. These currents 
arc particularly observed in the northern frozen ocean, on 
tlie coasts of Greenland, of Iceland, and Lapland. They 
have usually a direction from north to south, occasionally 
the reverse. Tliey bring upon the coasts of Iceland such an 
enormous ((uantity of ice that all the northern gulfs of the 
country arc fiUcd with it to the very bottom, tbougU they are 
often 500 feet in depth.” And Lizars says, in his GQogvaphy, 

that ‘'the Mllienco of th& polar current Is felt all along the 
shores of Britain, from the Orkneys southward. Entering tha 
Sea it has no other ontlet but the Straits of Dover.” 
From these extracts it seems that the assumption that the 
warm gulf stream flows into a high latitude in this part and 
warms it, is not only unwarranted, but directly at variance 
with known facts. 


^ Milner, p. 860. 
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Bui if neither the prbp(»rtional extent of IhO surfaee of 
the sea, as compared with that of the land, — nor the flow of 
a -warm current of water carries high temperature to these 
northern latitudes, what is the cause of spCh temperatures 
being found there ? The answw to this question has been 
substantially given where I have pointed out the cause of all 
the great local beatings of the atmosphere, and of the winds 
that prevail over the surface of the globe. But a reply is 
virtually prepared by Professor Dove himself, where in his 
remarks he says — “ This surface (of the globe) being a highly 
varied «ne, the sun’s influence on it is also constantly varying, 
for the impinging solar heat is employed in raising the tem- 
perature of substances which do not change their condition 
of aggregation^ but when engaged in causing the melting of 
ice, or the evaporation of water, it becomes latent. When, 
therefore, the sun, returning from its northern declination, 
enters the southern signs, the increasing proportion of liquid 
surface upon which it shines causes a corresponding part of 
its heat to become latent, and hence arises the great periodical 
variation in the temperature of the globe which has been 
noticed above,” — meaning the difference of temperature of 
the northern and southern hemispheres. But why should we 
suppose that this effect of evaporation of water is found only 
in the relative temperatures of the two hemispheres ? And 
why not trace the effects of condensation of the vapour, as 
well as of the evaporation of water? It is no doubt true 
that heat is absorbed and made latent wherever vapour is 
produced,— rbut it is equally dear that that heat is given out 
and made active wherever the vapour is condensed. That 
part of the North Pacific Ocean which is within and near to 
the northern tropic, evidently supplies a large amount of 
vapour to the atmosphere, and the latent heat which it con- 
tains is given out and warms thcrloeality where it is condensed. 
Much of it is, in fact, taken across the Northern Pacific to 
the western coast of America, and is condensed in the neigh- 



m !nf£ MioRTHSRi^ HisMisraER^ 28 $ 

bourhood of the Rocky Mountains, liberating the heat that it 
contained, and warming the part. And it is to this process 
of condensation of atmospheric vapour, and not to the con- 
tiguity of the Pacific Ocean,; that we have to attribute the 
winter isothermals being higher over the American coast than 
in eastern Siberia or over the middle of the Pacific Ocean. 

The vapour which passes over the Northern Atlantic, and 
which is condensed about the British Islands and Norway, is 
supplied from the tropical and other seas north of the equator. 
The seas near to the West Indies constitute the most southern 
point of departure of this vapour,, and in the month of January 
it is known to be carried by south-western winds to those 
localities where the isothermal lines advance farthest towards 
the North Pole. It is accordingly to the condensation of this 
vapour, and not to the neighbourhood of the Atlantic Ocean, 
that we are to attribute the high temperature of this part* 
of the world in the winter. The Atlantic Ocean is as near 
to Labrador as to Norway, but there is little condensation 
of vapour on the coast of the former, whilst there is much 
about the latter, — the former is consequently cold compared 
with the latter. Indeed, as far as we know, condensatidh 
of vapour is the only influence that operates exclusively 
on the eastern coasts of the two oceans, the Northern 
Pacific and the Northern Atlantic; to it, therefore, we may 
attribute the wanning of the locality in the Arctic Ocean, 
near Spitzbergen, as indicated by the isothermal lines. The 
process of condensation furnishes a constant and abundant 
supply of heat, — a process not like that of diffusion through 
contact, nor resembling the feeble effects of radiation from 
surfaces of water not very different in temperature ; but one 
that consists in^he energetic chemical action which converts 
an aeriform substance into a liquid, and which consequently 
changes the heat contoined in the aeriform substance ftom a 
latent to an active state of existence. The greatest irr^ular 
rise in the isothermal lines is found in the winter of the 
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northern hemisphere, just at the time, when the condensation 
of vapour produces most effect on the temperature of the air. 
And the temperature rises the most above the mean of the 
latitude along that stripe where the largest amount of con- 
densation takes place, and there the high temperature reaches 
the highest latitude. 

Professor Dove speaks of this locality in the following terms. 
He says — ^*In Scandinavia the circumstances are still more 
extraordinary: from the intervention of the British Islands 
the southern parts of Norway are less open to the warm 
sea current than the northern parts, and hence in January 
the temperature actually becomes warmer in proceeding from 
south to north, and at the North Cape the south-east winds 
are the coldest. Both the Scandinavian Alps and the Rocky 
Mountains in America form dividing walls in respect to 
climate.” It will be observed that the Professor does not 
attempt to trace the effects of condensation of vapour in these 
parts, to the formation of which he had attributed important 
results, in taking up heat and making it latent in the southern 
hemisphere, and he is therefore obliged to suppose that the 
effects under consideration are produced by warm sea currents, 
though others represent those currents as coming from tlic 
north. As to the south-east winds at the North Cape being 
the coldest, that is doubtless caused by their being land winds 
which had not been warmed by condensation of vapour, as the 
south-west winds are. 

Dillon, in his Winter in Iceland, speaks of ‘‘the awful 
gales that never cease to blow there,” and of the very heavy 
snows that fall. He says that ‘‘in the course of an hour 
the whole front of the house, windows, doors, and all wore 
snowed up to the roof.”^ And the same kind of weailier, 
particularly the snow-falls, is found in Norway, Lapland, 
Spiti^liergen, and Nova Zembla; 

I have elsewhere shown that when vapour is converted into 
snow, there are two warming processes gone through, —first, 

^ DiUon, p. 167. 
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condensation of the vapour and production of liquid particles, 
and afterwards congelation of the liquid particles and forma- 
tion of ice ; and each of these changes liberates much heat 
and raises the temperature of the part. The wind that carries 
vapour into the arctic regions must, no doubt, produce a 
certain effect on the surface of the water over which it passes, 
and must tend to put it in motion, to a greater or smaller 
extent, towards the north. But any oceanic current that may 
be thereby produced must be considered as being independent 
of the gulf stream. If the south-west wind in high latitudes 
forces water from the south to the north, even t6 a small 
extent, this water will be thereby rendered somewhat warm 
for the latitude in the whole of its course, but this water 
would be no more able to raise the temperature of the locality 
to the height that it attains, than is the still warmer water of 
the gulf stream able to raise the temperature of the air over 
Newfoundland, where it merely produces a cloud near the 
surface. 

The cause that really raises the temperature on the western 
coasts of America and Europe, increases that of localities 
which are distant from the sea, and consequently far removed 
from its influence. This is shown in many inland parts which 
arc made warmer by condensation of vapour. It is exhibited 
in a striking manner on the south-western side of the lofty 
Himalaya Mountains that are at a great distance from the 
sea. Tlic warming influence of condensation, at great heights 
in this range, is such as to affect vegetation to a material 
extent, and grain is found there to ripen at elevations which, 
but ibr the operation of this cause, would be subjected to 
continued frost. The great height at which this takes place, 
prevents a simple comparison from being made between this 
and other parts that are at a lower level, but there seems to 
be no reason to doubt that it is condensation of vapour that 
warms the Himalayas to great heights. 

Over nearly the whole surface of the globe, the land as well 
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as the sea, the solar heat is largely expended in vaporising 
water. From the surface of the sea in all latitudes evapora- 
tion takes place according to the temperature of the water 
and the dryness of the air : but as die temperature of the sea 
seldom rises above 80®, evaporation over the sea is seldom very 
energetic *in warm climates. Land is however often raised to a 
much higher temperature, and evaporation from it, as long as 
any moisture remains, takes place with proportionately ^eater 
enetgy, and it extends to some depth below the surface. And 
&is process, we know, regularly takes up, not only water, but 
4 large amount of heat, both from sea and land, and keeps it 
in a latent state, as long as the vapour remains an aeriform 
substance. The aqueous vapour of the atmosphere is indeed 
a capacious storehouse of heat, — which heat, from the opera- 
tion of certain causes already explained, is liberated in some 
localities in greater abundance than in others ; and over the 
whole globe, wherever the temperature is raised both by day 
and by night much above the mean for the latitude, the rise 
may be presumed to be caused in a far greater degree by con- 
densation of vapour, followed sometimes by congelation, than 
by the breadth of surface of adjoining seas, or by particular 
oceanic currents. In cold latitudes in the winter season, over 
land, where little or no vapour is condensed, the part is always 
cold, but where condensation takes place freely the tempera- 
ture is raised: and whenever the stream of vapour flows into 
high latitudes to be there first condensed and then frozen, the 
isothermal lines rise with it, as they do up to Spitzbergen and 
Nova Zembla. 

In order to complete the formation of his lines, Professor 
Dove was obliged to examine and compare long series of 
observations, made at points more or less distant from each 
other, with others that had been made less frequently in 
intermediate parts. And he says it "appeared that important 
variations are never merely local, but that the same character 
of weather prevails over large portions of the globe; — that 
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the anomaly reaches its maximum in one spot, — in receding 
from which it lessens more and more, until, passing through 
places where the thermic conditions are in their normal state, 
an opposite extreme is reached, which so compensates the 
first, that the general sum of warmth distributed over the 
earth at any particular time of year is the same in different 
years, although the values* which make up the sum may be 
very different. Knowing the prevailing character of the 
weather in particular places, in the different years, we* are 
enabled to deduce from the deviations at a few normal 
stations, where the observations extend over a long series 
of years, the quantitative corrections to be applied to the 
results of observations continued for only a few years.” 

From this statement, as well as from abundant evidence, we 
are authorised to infer that the immediate operating cause which 
determines irregular changes of temperature in certain parts, 
must be moveable in its action, though derived from a source 
that is unchanging and uniform : and this is the character of 
atmospheric heating by condensation of vapour. Evaporation 
of water, in each year, being from the same extent of sea 
and land, must be nearly uniform in its energy, — and must 
produce about an equal amount of vapour in each year ; — but 
from the working of those innumerable disturbing causes, 
some of which have been adverted to, which influence the 
distribution of the vapour by winds, a larger proportion of it 
may be taken to one part in one year,, and to another part in 
another yeai*, but each part, at the time that it has the most 
vapour condensed within it, will be the most heated. In one 
winter, from causes which we are unable to trace in detail, 
tlio vapour may be taken to America to more than an average 
extent, and the British Islands may be left comparatively dry 
and cold. In another, the winter winds may be different, and 
may bring more vapour and warmth to the British Islands. 

13 ut where adequate causes ^xist to determine the vapour 
to flow to particular localities every year, as they do near to 
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St>itzbergen; to be there condensed in far greater abundance 
than in other parts in the same latitude^ the temperature of 
those localities willl)e proportionately raised. The power 
which vapour has of conveying heat irregularly to places in 
different years, equally enables it to take the heat regularly 
from a warm to a cold latitude, — and to one part of a cold 
latitude instead of another. And the influences which deter- 
mine vapour to Sow from the comparatively warm parts of the 
Atlantic to the Arctic Ocean near Spitzbergen, to be there 
condensed and frozen, are the real causes of the great rise 
of the winter isothermal lines in that part, vapour being the 
agent through which this result is produced. 

Recently, at a meeting of the British Association, eminent 
men have spoken of the gulf stream of the Northern Atlantic 
being the cause of the lines of high temperature extending so 
far north in the winter about the British Islands, apparently 
without having themselves taken pains to examine the subject, 
and without showing that the gulf stream does flow far north. 
But while Newfoundland can be pointed at as possessing a very 
cold winter climate, though it is close to a warm part of the 
gulf stream, and whilst the western coast of North America 
and Cape Horn can be shown to have w^arm climates for their 
latitudes in the winter, without any warm oceanic current, 
similar to the gulf stream, flowing upon them to produce tlic 
climates, such general assertions cannot be admitted to hav(^ 
any force. If indeed isothermal lines in the water of the ocean 
about the British Islands and Norway could be shown to 
irregularities corresponding with those of the atmosphere ni 
those parts, there would be some evidence of the temperatnro 
of the water determining that of the air; but at present i]\e 
existence of the moderately warm water of the Atlantic Ocean, 
and the high temperature of the atmosphere over the nortlnn u 
part of that ocean, appear to be merely coincident circum- 
stances, without having the relation to each otlicr of cause 
and effect. 
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On the Separate Pressures of the Aqueous and the Gaseous 
Atmospheres. 

The general gaseous atmosphere, when at rest, has an 
equilibrium of pressure at the surface. of the sea; it would 
therefore be the same in all parts of the world, if the 
temperature were everywhere the same at the same level. 
And those changes of temperature, in the mass of the 
atmosphere, which are produced directly by solar rays, are 
so gradual and slow as to enable such a highly elastic body 
as the atmosphere readily to re-establish the equilibrium 
after it had been disturbed by direct solar heat. The gaseous 
pressure, therefore, would be about the same over every part 
of the globe at the level of the sea, were there not some 
otlier disturbing cause that operates locally; and that there is 
such a cause, is sufficiently indicated by the local and tempo- 
rary changes of the barometer that take place in various parts. 
Attempts have been made, not entirely without success, to 
trace iso-barometric lines over the globe, and if we had them 
in considerable numbers that could be relied upon, they 
miglit materially assist in our inquiries. 

With reference to this subject Kaemtz says — nfey 


culmit that — 

mni. 

At the sca*coast the general mean pressure is 701.35* 

At the equator it is only about 758 

Vt the Ijititudo of the pressure increases, 
and between 30® and 40® of latitude it 

attains its maximum 709 or 764:^763 

Starting from this zone, it diminisUos to 700 

And more north, it descends to about 756.”t 

inillimotrcs aro equal to 30 inches of mercury. t See Plato 5. 
fi o 
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This imperfect statement of atmosphdKc pressure in dif- 
ferent latitudes is made up of averages. . It presents a range 
of nearly a quarter of an inch of mercury; and Kaemtz 
appears to think that the amount of pressure has some de- 
pendence on mere latitude. In speaking, in the same part of 
his book, of the total pressure as ascertained by tlm baro- 
meter, he does not, however, deem it necessary to distinguish 
the aqueous portion from the gaseous. 

But there are parts of the world where the average differ- 
ence of pressure is more considerable than any of those just 
given. In Schouw’s table Tripoli is put down as having a 
mean of 767. 41™“-, whilst Reikiavig, in Iceland, has one of only 
752™“-, which makes a difference between these two places of 
more than half an inch of mercury.* This difference is, how- 
ever, much exceeded by places in the southern hemisphere. 
Captain Foster found that the average pressure near Cape 
Horn, for a considerable period, was only about 29.2^“-, whilst 
at Valparaiso it is 30. l‘% and at the Cape of Good Hope, 
30. 2*“' Captain Ross also found that in the parts of the antarctic 
seas which he visited, the pressure was very low, even less than 
about Cape Horn. Now, in these localities, the respective 
pressures found, though so unequal, are general averages, and 
we have to endeavour to ascertain what can cause such long- 
continued unequal pressures, in a body like the atmosphere, 
which tends so strongly to establish an equilibrium. 

In doing this, it will be necessary to bear in mind tie 
causes that are presumed to be in operation to produce tlje 
results, namely, varying quantities of aqueous matter in 
atmosphere, and local alterations of gaseous temperature; and 
these causes are considered sufficiently powerful to produce 
all the effects exhibited in the different latitudes ; taking the 
parts about the equator first, with a dew-point of 80"^, indi- 
cating, according to common assumption, a quantity of vapour 
in the atmospheric column equal to an inch of mercury, which 
would leave 29 inches of gaseous pressure to make up the 
* See figures on the Chart, Plate 5. 
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total, supposed to be 30 inches. But with the high gaseous 
pressure which is admitted to exist on each side of this part 
of the globe, and with such winds blowing towards it as the 
north and south-eastern trade winds, how can we imagine, on 
the theory generally recognised, that gaseous pressure can be 
so low in this locality as is thus represented, — only 29 inches ? 
Direct solar heating of the mass of the atmosphere, as has 
been shown, is never considerable, it being confined mostly to 
the portion near the surface ; and that heating would tend to 
heap up the gases witliin the tropics to enable them to flow 
over north and south towards the polar regions; it is, therefore, 
difficult even to conceive that the direct influence of the sun 
could make the gaseous pressure here so small, as it must be 
if an inch of mercury is to be allowed for vapour pressure. 

For reasons already given, however, the real quantity of 
aqueous matter in the part, in the two forms of vapour and 
globules of water, cannot be considered to be much less than 
that named, that is, a quantity equal in weight to an inch 
of mercury. Because, although there is certainly much less 
vapour generally in the upper part of the atmosphere than 
has been supposed, there is here much water floating in it, as 
is seen in the thick stratum of mist that constantly fills the 
air in the part.^ But this mist being regularly formed by 
successive condensations of vapour, and the vapour being as 
re.;ularly carried up in an ascending current that attains a 
great height, is constantly heating and expanding the gases. 
(V)iulensation, therefore, may be confidently presumed to heat, 
expand, and lighten the gases to, so great an extent as to make 
fheir pressure, even when added to that of the aqueous matter 
that is pres<mt, less than the mean, and not more than it is 
actually found at or near to the equator. 

” Pcrousc says — “A few days after our departure from Tencriffo we left those 
serene skies only found In the temperate zone; instead of which a dull whiteness, 
between fog and cloud, always prevailed. The horizon was contracted within less 
tbfMi throe leagues, but after sunset the vapour was dissipated aud the nights were 
fine.’'’— -P. IJ) 
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The parts over the Atlantic Ocean, distant say about of 
latitude from the equator on each side, where the barometer 
stands the highest, are occupied to a considerable extent by 
! tibe north and south-eastern trade winds, which, in these parts. 
Have* but little condensation of vapour going on in them, and 
the great mass of the air in these winds will consequently not 
be heated by condensation. We may* therefore conclude that 
the cool state of the gases in these latitudes renders them 
heavy, and produces the superior average atmospheric pressure 
that is found in them. 

As we proceed farther from the equator, the general tem- 
perature is lower and the tension of vapour is less ; the former 
tends to increase and the latter to decrease the total pressure; 
and, where the atmosphere is undisturbed by condensation, 
the two causes would appear to produce nearly a mean atmo- 
spheric pressure. This is seen principally in the northern 
parts of Ameidca and Asia, where there is but little vapour, 
and that little is not much disturbed by condensation. In 
Iceland, however, where there is much condensation, the 
pressure, as we have seen, is low. The same general facts 
are traceable in this country and on the coast of Norway, all 
those places showing effects of condensation. 

In the southern hemisphere there are features not o])sc*i vablo 
in the northern, resulting ap])arently from the different })ro~ 
portions of land and water surfaces, in the two parts. In the 
northern, the great extent of land leaves but a comparatively 
small extent of water from which evaporation takes place, 
hence the atmosphere is there comparatively dry and clerir, 
and the dew-point generally low compared with the tempera- 
ture. But the southern hemisphere, beyond the- latitude of 
say 50®, is almost wholly sea. Evaporation consequently takes 
place from a large surface of water, and much vapour is sent 
into the atmosphere, making the dew-point high for the tem- 
perature. The air is consequently generally filled with mist, 
in this respect resembling the hazy tropical regions ; and the 
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extensive condensation of vapour warms the air in the middle 
and upper parts of the atmosphere, and makes the whole mass 
of fiir swell and expand, leaving it lighter than in the other 
hemisphere. 

The solar rays which, on the broad extent of land of the 
northern hemisphere, heat the land to a high temperature, 
are in the south united with water, and pass in vapour into 
the atmosphere. The quantity of aqueous matter in the air 
in the south must therefore be large, whilst the total atmo- 
spheric pressure is found to be small; the gaseous pressure 
must consequently be small. This state of the southern atmo- 
sphere, however, seems consequent on — not the large propor- 
tional surface of water alone, but also on the few elevations 
that exist there to bring on local condensation. Spread over 
Europe and the. western part of North America, extending 
into the polar regions, there is a hirge number of mountains up 
which winds carry vapour, whore it is extensively condensed, 
and these elevated localities become atmospheric vortices, into 
which more vapour is borne by the winds from great distances, 
to be there condensed. The northern atmosphere is thus 
relieved from a considerable part of its vapour, as it always 
is, by extensive condensation. It is well known, for instance, 
that a thunder storm clears the air of vapour. In summer, 
V. lien evaporation is active, the air in a short time is cliarged 
nearly up to the point of saturation, when, from some cause 
wliich we need not trace, a thunder storm occurs. The vapour 
is first carried su/licienily high to commence condensation, and 
a local ascejidiiig current is created, into which adjoining air 
and vapour rush from considerable distances, and are carried 
to higher regions, to have the vapour condensed to a large 
extent by the cold due to the elevation : the result is a heavy 
fall of rain. The vapour that went up as an aeriform sub- 
stance comes down as a liquid, leaving the atmosphere dry 
and clear. In just tjie same way many mountains condense 
llic vapour of the northern hemisphere, leaving the air there. 
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comparatively fi’ee from it, and ready to acquire the eo6l 
temperature which belongs to dry air in the middle and upper 
regions of northern latitudes. In the southern hemisphere, 
particularly beyond 50 ® of latitude, there are few elevations 
of land to collect and condense the vapour that is constantly 
furnished from the immense surface of the Southern Ocean; 
it is therefore slowly, but extensively, condensed in the open 
atmosphere, and to a certain extent warms and swells it, 
leaving the whole atmosphere less heavy than in the north. 

But though there are only few elevations in the south, as 
compared with the north, there are some, and they show the 
effects of the peculiar state of the atmosphere in this hemi- 
sphere. The few elevations that exist there are remarkable 
for having an abundance of rain, and for the strength and con- 
tinuance of the winds that blow about them. These striking 
features are seen in Kerguelen’s Land, — Van Diemen’s Land, — 
New Zealand, — Auckland and Campbell’s Islands, and gene- 
rally about such elevated land as exists in the colder latitudes 
of the hemisphere. But distinguished among them may be 
particularly noticed the extreme point of South America about 
CapQ Horn. Up the high lands of this part of the world, tlic 
saturated air of the southern hemisphere rushes with a force 
and constancy not to be paralleled in any other part. Deluges 
of rain are almost continuous, and the vortices created by them 
cause the saturated air to press towards them from a large por- 
tion of the Southern Ocean, reaching almost to New Zealand 
on the west, and far to the south, as is shown by the general 
direction of the wind in those parts. This abundance of 
condensation of vapour must heat the air in the vicinity of 
Cape Horn up to a considerable elevation, and render a thick 
stratum of it light, thus accounting for the very low barometer 
observed there by Captain Foster. The neighbourhood of 
Victoria Land, as ascertained by Captain Ross, presents the 
same general features as Cape Horn, allowing for the greater 
proximity of the former to the pole. The general gloom of the 
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sky in this part, — the frequent falls of rain and snow, and the 
low barometer, — all indicate the presence of an atmosphere 
highly charged with vapour in proportion to the temperature 
at the surface, which atmosphere, we presume, must be 
drawn from warmer latitudes towards the part by condensa- 
tion. There being then an abundance of aqueous matter 
in the air to furnish its full proportion of weight, the low 
barometric pressure that is found in these localities is evi- 
dently caused by the warming and lightening of the gases, 
but the aqueous matter is not all in the form of vapour. The 
particles of water that cause the thick and gloomy mist have 
their proportion of. the weight, though it may be sustained by 
the gases in which they float, — that weight, however, must 
be counteracted by the lightening of the gases themselves, 
to produce the low aggregate pressure that is shown by the 
barometer to exist there. 

From such evidence as can be obtained on the subject, we 
thus arrive at the conclusion, that in every part of the world, 
where there is a higli average barometer, it is due to the gases 
in the part, up to a considerable height, having fully acquired 
tlie low temperature due to their elevation, — as then a greater 
weight of air exists in the same space than when the gases 
are locally wanned ; — whilst, where the barometer is low, it 
is always a consequence of heat having been conveyed by 
vapour to warm the gases. This view also enables us to 
account for the puzzling fact so long observed, of a moist 
atmosphere being accompanied by a low, and a dry one by a 
liigli barometer; wliich, as the material that constituted that 
moisture cidds to the weight of dry air, seemed very surprising 
and even contradictory. It also authorises us to correct an 
error that is to be found in most of our meteorological works, 
namely, that moist, is lighter than dry air. There can be 
no doubt, that, considered independently of temperature, any 
vapour passed into dry air adds to the total weight of the 
mixture as measured by the barometer. The whole of the . 
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^^ses on the globe have a certain vveight, be it more or less, 
, and all the aqueous matter that is diffused through them has 
also a certain weight ; and when we speak of, or compute, the 
^otal weight of the atmosphere, we have to add the latter to 
ithe former. Temperature being the same, to say that moist 
'^air is lighter than dry air, is to say that the whole is less than 
a part. It is true that the specific gravity of aqueous vajpour, 
considered separately, is less than that of the atmospheric gases, 
but when mixed with them the vapour adds as much weight 
to the gases as it possesses. The vapour penetrates into, and 
exists within the gases, just as much as the gases exist in the 
vapour, each having its separate weight ; and when both are 
in a state of rest, each presses separately and independently 
on the surface of the earth, and against the mercury of a 
barometer which may be placed on that surface. 

Some meteorologists, indeed, from their language, seem to 
think that when vapour first j)enetrates the gases, they are 
swelled by it, and thus become permanently lighter, and 
this idea is countenanced by tlie temporary effect that is pro- 
duced when vapour first enters the gases. Vapour, discharged 
suddenly against a mass of the gases, impinges on them, and 
when it penetrates them and is pressing further through them, 
it no doubt tends to force them forward or upward, as the 
case may be. This is shown by steam being used to blow out 
air from a vessel that contains it, but this is no more than 
what one gas will do with another. Nitrogen will act thus 
on oxygen, and oxygen on nitrogen; but when these gases 
have fully penetrated each other, and each rests on the earth, 
each exists independently of the other, and is in tht? state tliat 
it would be if it were in the atmospheric space alone ; and so 
it is with the atmospheric vapour and the gases. It may, and 
we have presumed that it does, at first and temporarily act 
against the gases. It has, indeed, been shown that the actual 
tension of the vapour which is ordinarily found in the middle 
of^the day near -the surface of the earth, is partly due to this 
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cause, the gases temporarily obstructing its expansion into the 
atmospheric space. But when the vapour has fully diffused 
itself through the gases, and rests independently on the earth, 
it exists within them without affecting them. This is a con- 
sequence of the law, discovered by Dalton, of mechanical 
diffusion of aeriform substances through each other, and of 
their independence of each other when so .diffused. 

Globules of water, on the contrary, when floating in the 
gases, rest upon them, because those globules are not aeriform, 
but liquid, and the gases sustain them for the time because 
they interpose an obstruction to their descent, just as they 
would to the descent of any other light substance. But the 
vapour being an aeriform body, presses with a weight of its 
own on the surface, and although for the reasons given we 
cannot admit the tension of vapour to be always a correct 
measure of its own weight, yet there is no doubt that it has 
a certain amount of pressure, and that amount is so mich to 
be added to the pressure of the gases, — sustaining, as they 
often do, at the same time, the weight of the particles of 
water that may be floating in them. 

There is, then, no reason to doubt, that<he greater changes 
of total average atmospheric pressure, as measured by the 
* barometer, which take place in different parts of the world, 
are clue to the same causes as have been traced in the smaller 
ones. But we know that such very great and sudden reduc- 
tions of pressure sometimes occur, as to cause the barometer, 
in a short time, to fall as much as tw^o or even three inches; 
and through the extreme mobility of the materials that are in 
action, great difficulty has been experienced in explaining, or 
even in conceiving, what can be the cause of such great and 
rapid falls. Th^ difficulty, indeed, is so great as to oblige 
us to have recourse to analogy, and to apply the knowledge 
which we have obtained of the nature of the smaller and the 
average changes, to the larger and sudden ones ; — presuming, 
that when certain causes, operating with a given degree of 
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energy, produce a certain amount of effect, the same causes, 
wlien operating with greater energy, will produce a propor- 
tionately greater effect. Having seen that lightening the gases, 
hj the warming process of condensation of vapour existing 
tite mass of the atmosphere, was the cause of the fall 
the barometer when the changes were small and regular, its 
well as when considerable averages were tdken, we may rea- 
sonably presume that the same cause is in operation in great, 
irregular, and sudden changes. Let us then endeavour, from 
a general view of the subject, to conceive what may be the 
circumstances that lead to one of those great falls of the 
barometer which sometimes take place. 

Say that, in a certain locality the atmosphere to a consi- 
derable height is charged with as much vapour as it can hold 
in an uncondensed form, and that in the outer portion of it, 
or in adjoining parts, dissolving clouds exist which by their 
evapdration cool the gases intermixed with them, and cause 
these gases to descend. The uncooled saturated air being then 
a little warmer and lighter than the cooled air, the former will 
be pressed upwards by the latter, and some of the vapour in 
the ascending column will be condensed. The whole of the 
column will now be warmed and expanded by the condensa- 
tion that takes place within itself, and the heavier adjoining air* 
will press and follow it up with greater velocity, the process 
increasing in energy and rapidity as condensation proceeds, 
until the whole ascending column, up to a great height in the 
atmosphere, is heated and made very light. Under these cir- 
cumstances the pressure of the warmed column on the surface 
must he materially reduced, and a barometer placed under 
the column would, by its fall, show the extent of the reduc- 
tion^ But notwithstanding this reduction of total pressure, 
the quantity of aqueous vapour in the column must, under the 
circumstances described, be increased, the warmed ascending 
current permitting more of it to remain uncondensed in the 
higher ;part i;han .would have been possible at that height with 
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the previous lower temperature: whilst the cloud which is 
always formed at such times in the outer part of the column 
would load the gases there with additional globules of water, 
together making the aqueous part of the atmosphere heavier. 
The heating and expanding of the gases must, therefore, be 
suffiinently great to counteract the increased weight of th^ 
aqueous matter, and, at the same time, gi^tlj to r^uce their 
own weight. And to some such heating as that just described 
we have to attribute the great falls of the barometer, approach* 
ing three inches of mercury, that sometimes occur ; and when 
such a change takes place in a whole column, it is obvious 
that the heavy adjoining air will rush as a wind^ towards the 
comparative vacuum that exists ; but this rush, be it observed, 
does not occur until after tlie vacuum has been formed : — the 
fall of the barometer may tlierefore precede the rush of wind, 
or give warning of the coming storm. 

This will also account for the fact, that the barometer 
sometimes begins to rise during the storm. The heating and 
expanding of the air take place as soon as the first vapour 
is condensed, and when only incipient cloud, not sufficiently 
dense to be seen, is forming. And when the same process is 
going oil all around the observer, to a considerable distance, 
as is common under such circumstances, it may be some time 
before sufficient cloud is produced to become palpable to the 
view ; for the cumulous cloud, when forming, like a gas jet in 
burning, makes for itself an envelope, but to see this envelope 
it is necessary to be outside of it, and looking at it in profile. 
To those beneath, it appears at first to be only a slight mist, 
which afterwards darkens as condensation increases, until at 
last a black thunder cloud may be formed. But the con- 
densation of vapour may then possibly have diminished, and 
the rushing in of cool air may have partially restored the 
equilibrium of pressure, and the barometer may have begun to 
rise though the storm may still be raging. We may conclude, 
then, that rapid expansion of the column of air by heat of 
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condensation, up to a considerable height in the atmosphere, 
is the Cause of the great and’ sudden falls of the barometer that 
Sbihetimes occur; and those falls are likely to be the greatest 
wiiere the heating begjps in the lowest, and Wnsequeiitly the 
densest parts of cold regions, and ascends the highest in those 
regions. The. low heavy air of such parts is greatly expanded 
by the heat of condensing vapour, and being near the surface, 
the diminution of pressure that follows, affects only a small 
area of that surface, within which however the diminution is 
great. But as we proceed to warmer climates, though the 
quantity of vapour is there much greater, yet, as condensation 
commences at a superior elevation, a higher and rarer portion 
only of the atmospheric gases is expanded by it. Within the 
tropics, the whole of the lower stratum of the atmosphere 
is kept warm by condensation of vapour, and extraordinary 
cases of condensation occur only at considerable elevations, — 
the diminution of pressure is therefore experienced over a 
wide extent, but in each particular part of that extent, only 
in a small degree. 

While, in the arctic regions, the whole of each particular 
disturbance is within the view of a single observer, to another, 
within the tropics, it often appears to have an unlimited 
range, and seems to fill the whole atmospheric space to a 
great height. A consequence of this is, that, in any one 
place within the tropics, the barometer falls but little, seldom 
more than half an inch, though the cause of that fall may 
have been in energetic operation over a very extensive area, 
producing disturbances of the most formidable character in 
the upper regions. 



ESSAY XVI. 


On the Origin and Nature of the Forces that produce 
Storms, 

Storms are strong winds, differing in degree and not in na- 
ture, from ordinary winds or moderate breezes. All the great 
movements of the atmosphere have their origin in vertical 
currents which are produced by certain known causes. These 
currents are fed from less or greater distances by horizontal 
currents, which press and flow towards the area of ascent, 
and the horizontal currents, whether they appear as moderate 
winds or storms, are thus produced by the ascending currents. 
It has, however, been shown that these vertical currents may 
at times produce sufficient rain to bend, and, at a distance, 
bring down the upper current of air and cause it to rush 
along the surface as a strong wind ; but even then the heat 
liberated by condensation is the prime moving power, as that 
heat enabled the gases to carry up the rain until gravity came 
into action, and brought it down with a force proportioned to 
the expansion of the gases and tlie height from which the 
rain fell. 

But it has been said by persons who object to the hypo- 
thesis here advanced, that the heat liberated in the atmosphere 
by the condensation of aqueous vapour, is not sufficient to 
lighten the air in the locality, to an extent that shall create a 
rapidly ascending current. That much latent heat is however 
really given out and made sensible, raising the temperature 
in the part where vapour is converted into water, is *well 
known and universally admitted. It is familiarly experienced 
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when steam is condensed in our steam engines, and I have 
explained it more fully in previous essays. 

- It is not, however, often that the whole of the vapour that 
is in the atmosphere is condensed into water, or even so much 
of it as there commonly is in the condensor of the steam 
engine, seeing that the heat liberated in the atmosphere warms 
the part and the air that is in it, and thus stops or checks the 
condensation that is taking place* ‘ And it is not unt^ the 
gases are made lighter through being warmed, and that the 
remaining vapour which is mingled with them is carried suc« 
cessively to greater elevations, that the whole or nearly the 
whole of the vapour existing in any locality is condensed. 

In an atmospheric column that is ascending to higher regions, 
and in which condensation of vapour is taking place, the heat 
liberated reduces the cooling on an average to about one-half 
of what it would otherwise be ; and two adjoining masses or 
atmospheric columns of the height of, say four thousand eight 
hundred yards, the one undisturbed by condensation, and the 
other having condensation going on within it, would have the 
temperatures as put down in the following table at the heights 
named, the dew-point and temperature at the surface of the 
earth being supposed to be both at 80"^ : — 


Yards high. 

Clear Air, 

Clouded Air. 

Difference, 

4,800 

32° 

50° 

24° 

4,000 

40° 

00° 

20° 

3,000 

50° 

05° 

15° 

2,000 

00° 

70° 

10° 

1,000 

70° 

75° 

5° 

0 

80° 

80° 

0° 


Now it is evident that in the part of the atmosphere which is, 
say one thousand yards high, the clear air of the temperature 
of 70^, and of the density and weight which belong to that 
temperature, will have a tendency to press under and force up 
the adjoining column that has the higher temperature of 75®, 
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and which is therefore proportionately lighter ; and the heavier 
column will press up the lighter with a force equal to the 
difference in the weights of the two, which is expressed in 
the numbers of the table by 5® of temperature. At the height 
of two thousand yards the difference pf temperature in the two 
adjoining columns is 10®, and consequently the clear air at this 
height will have a tendency to press up the recently clouded 
air with a force expressed by the 10®. At three thousand 
yaids high the superior weight of the clear air is 15®, and at 
four thousand eight hundred yards, when the freezing point in 
the clear air is reached, the difference in the two columns is 
no less than 24®. Thus we see, that on condensation taking 
place in any particular part of the atmosphere where the tem- 
perature and dew-point at the surface were at 80®, it would 
make that part so light as to permit it to be forced up by the 
adjoining heavier air at an increasing velocity, expressed by 
the numbers in the table which indicate the differences of the 
temperatures at the various heights. The commencement of 
this process would be slow, like the first movement of a railway 
carriage by a steam engine, but the 'Velocity of the ascending 
current would increase with the difference of the temperatures 
of the two columns, until the aqueous vapour, the material fur- 
nishing the moving power, was exhausted. And as the velocity 
of the ascending eurrent increased, so would the quantity of air 
that ascended within it increase ; and the greater that increase 
the larger would be the quantity of the atmosphere that would 
press from adjoining parts, to fill the comparative vacuum that 
had been made by the condensation of the vapour. Here, 
then, wc see that, under the circumstances described, a very 
energetic expanding power comes into action in the atmos- 
phere, which reduces the weight of the air in the locality, 
whilst the adjoining heavier air that then presses and rushes 
in successively to fill the comparative vacuum, must produce 
a horizontal movement of air or a wind, the force and rapi- 
dity of which will be proportioned to the degree of vacuum 
created. 
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that has been given, we have exhibited ti 
"thb atmosphere through rednction of ineuBd^i 
pressure, as it may be presumed to take plaee in a 
region, to the height of only four thousand eight hundrc 



yards, because, in air that was undisturbed by condensatioi 
the temperature of 32^, or the freezing point, was the 
attained. But there is no reason that an ascending curren 
heated by condensation as it proceeded, and pressed upwarc 
by fresh air rushing from below, should stop in its ascei 
when it had reached the height of four thousand eight hui 
dred yards. On the contrary, the tendency of such a curren 
when supplied with sufficient vapour, is to permit its bein 
raised to far greater heights, and the difference in the ten 
perature of the two adjoining columns of clear and of cloude 
air, as long as condensation was proceeding, would still be tli 
measure of power with which the heavier column would fore 
up the lighter. In the following table this difference is show 
up to a height of ten thousand yards: — 


Yards high. 

• 

Clear Air, 

Clouded Air. 

Dillercnce. 

10,000 

— 20 ‘^ 

30 ^ 

50 '^' 

9,000 

—JO" 


45 ^ 

8,000 


40 ^" 

40 " 

7,000 

10 ^ 

45 '^' 

35 ^ 

6,000 

20 ^ 

50 ^ 

30 " 

5,000 

60 ‘" 

55 ^ 

050 

4,000 

40 ^ 

i )()^ 

20 " 

6,000 

50 ^ 

05 ^' 

15 " 

2,000 

60 ^ • 

TO'^ 

10 " 

1 ,000 I 

70 ^ 

75 ^ 

5 " 

0 


80 ^ 

0 " 


Here we see that at the height of ten thousand yards from 
the surface of th||^arth, the difference of temperature between 
the clear and the clouded atmospheric columns produced by 
condensation of vapour, is no less than 50^; and with a force 
proportioned to that difference would the former column be 
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" disposed to press up the latter, whilst the pressure upwards 
at the various intermediate heights would be as the numbers 
exp)?0ssing the difference of temperature. 

So far we have treated of the condensation of vapour carry- 
ing high temperature to great elevations ; but at a certain 
stage of the process a new power comes into action. The 
undisturbed atmosphere was presumed to be of a lower tem- 
perature than 32®, above the height of four thousand eiglit 
hundred yards ; any vapour, therefore, ascending above that 
height and entering the cold air that existed there, would 
be liable to be not only condensed into water, but to be 
frozen into snow. And were it not for the heat that is 
liberated by condensation, the vapour that penetrated this 
lofty region would be not only condensed, but frozen. And 
further, although condensation liberates much heat and keeps 
the temperature in the ascending column above the freezing 
point to a considerable height, yet at some greater elevation 
that point will be reached even within the comparatively 
warm ascending column. When this takes place and freezing 
commences within the column, we have a result differing from 
that which has been pointed out, as a new law then comes 
into operation. 

When, through reduction of incumbent pressure, the 
ascending mass cools down to a temperature below 32®, the 
particles of water that had been formed by condensation are 
frozen ; and in freezing, the liquid water gives out the latent 
heat that is always liberated when water is converted into ice. 
Now this liberated heat will have a tendency to keep up the 
temperature of the ascending column, and of the water and 
ice that are in it, and to prevent that temperature from falling 
below 32®. For ft is well known that when a body of water is 
frozen by a moderate degree of cold, the process of freezing is 
slow, as the conversion of a part of the liquid into ice liberates 
heat enough to preserve the remainder in the form of water ; 
and it requires time for the liberated heat to pass away before 
2q 
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\ of cold in the locality. In this way a mixed mafli of 
water and ice may remain a considerable time at the temf^ra- 
ture of 82"^, in a part that is below that temperature^ the beat 
given out to the water by freezing being nearly equal to that 
which is passing away ; and this comparatively slow operation 
continues until all the water is frozen. The same process 
must take place in the atmosphere^ when the particles of water 
produced by condensation of vapour are frozen into snow or 
hail, that is, into ice. As the ice is formed, the heat of 
liquidity of the water is set free, and the temperature of the 
locality and of the substances that are in it, is prevented 
sinking below S2^ until all the water in the part is frozen. It 
follows from this, that when an ascending atmospheric column 
takes newly formed water that is within it to a height sufficient 
to freeze the water, the colunrn for some time retains the tem- 
perature of 32"^, while it is ascending successively into colder 
regions. The respective temperatures of the undisturbed cold 
air in the vicinity, and of the wanned ascending column that 
is passing through it, may, under these circumstances, be as 
shown in the following table, commencing from the tempera- 
ture of zero at the surface ; whilst the differences between 
the temperatures of the two airs would be those which are 
inserted in the column of the diffcrencfes : — 


Yards high. 

Clear Air, 

Clouded Air 

nilTercncc. 

10,000 

— 100 ‘=> 

32 ^^ 

132 ° 

9,000 

— 90 ^ 

32 ^ 

1 22 ° 

8,000 

— 80 « 

32 ^^ 

112 ° 

7,000 

— 70 *=^ 

32 ^ 


6,000 

— 60 ^ 

32 *^ 

92 ° 

5,000 


32 ^ 

82 ° 

4,000 

— 40 ^ 

32 "^ 

72 ° 

3,000 

— 30 ^ 

1 32 <^ 

02 ° 

2,000 


1 32 ^ 

52 ° 

1,000 1 

-~ 10 ° 

32 ^ 

42 ° 

0 

0 ® 

' 32 ° 

32 ° 
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will be observed that in this table we presume that iu 
clear and undisturbed air the temperature at the surface is at 
zero, which is found only in very cold localities ; and as the 
temperature is presumed to be lower after the rate of for 
every one hundred yards of ascent, at the height of ten 
thousand yards it will » be 100° below zero. But as we 
presume that the heat liberated by condensation and freezing, 
as just explained, keeps the column in which these processes 
are taking place for some time at 32°, the difference between 
the two columns, at the full height named, must be for that 
time 132°. In so very cold a locality as that of which we are 
now treating, we know that any vapour which escaped from 
the surface of the earth and passed into the atmosphere, 
would be soon condensed ; but the heat that would then be 
liberated would keep the product of that condensation in a 
liquid state, for some certain time, however short it might be, 
yet in such a part that heat would pass rapidly away, and the 
liquid would be frozen. The liberated heat of liquidity 
would, however, now preserve the cloud of liquid and frozen 
particles for some further time at 32° ; and these two pro- 
cesses — first, condensation of vapour, and secondly, congelation 
of water — being successively and rapidly repeated in a column 
ascending to a great height, would keep the whole mass at 
32°, as long as vapour remained to be condensed and frozen. 
And thus we find that the difference in the temperatures of 
the two adjoining parts indicated in the table, would be estab- 
lished for some time, however short it might be. 

It has been often observed that, when the temperature near 
the surface of the earth has been greatly below the freezing 
point, upon a fall of snow occurring, the temperature has 
suddenly risen to 32° ; and it commonly remains there as 
long as the snow continues falling. Now, it is known that 
this snow often descends from a considerable height in the 
atmosphere, and it is to be presumed that it brings the air, 
which is found to have a temperature of 32°, down with it. 
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The same fact is frequently observable in high latitudes, where 
the cold is intense. However low the surface temperature 
may have previously been, on a considerable quantity of snow 
falling it shows a tendency to rise to 82®. Such changes near 
the surface indicate that, in the part of the atmosphere in 
which the snow was formed from floating particles of water, 
whatever might be the height, the temperature in tha^ part 
could not be below 32® . 

It is not necessary to suppose that in cold latitudes, under 
the circumstances described, vapour shall be actually carried 
up to so great a height as ten thousand yards, or to any other 
particular height approaching it ; but what has been observed 
in those latitudes gives reason to believe that snow and spiculae 
of ice are there formed, from vapour, at greater elevations 
than has been hitherto imagined. Our object at present, 
however, is not to show precisely what occurs in such lofty 
regions, but to explain the kind of laws that govern the 
atmospheric changes that take place in them, and to point out 
that, to whatever extent these changes do occur, they must 
be under the control of the laws that have been exhibited. 

It has been stated generally that the diminution of in- 
cumbent atmospheric pressure experienced at 100 yards of 
elevation from the surface reduces the temperature of dry 
or unclouded air one degree, whilst condensation of the 
vapour of saturated air, which is a result of that cooling, 
counteracts it to the extent of half a degree, — leaving the 
absolute reduction of the temperature of saturated air only 
half a degree for every hundred yards of height. This is, 
however, an average which is assumed, to reason upon, and 
is not to be taken as a correct statement of what actually takes 
place in the atmosphere whenever vapour is there condensed. 
The precise extent to which condensation of vapour will warm 
the locality and the gases that are in it, will depend upon the 
quantity of vapour that may be condensed there in a given 
time. When it is commenced in the lower regions, the locality 
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is warmed only in a small degree, and the adjoining heavier 
air will force up the lighter but slowly. When however the 
lighter air is forced further up, the condensation becomes more 
considerable, the warming greater, and the ascent more rapid, 
until the whole process is carried on with increased energy and 
rapidity ; the difference between the temperatures of the heated 
and the adjoining unheated columns then becomes greater, and 
that difference determines the power with which the former is 
forced up by the latter. As the difference increases, the pres- 
sure of the cool air from below is augmented, and the rise of 
the lighter column is still more rapid, producing further con- 
densation, a higher temperature for the elevation, and abundant 
rain. Under such circumstances, the temperature of an as- 
cending column, instead of being lowered half a degree for 
every 100 yards of ascent, may possibly for some time remain 
undiminished, or even increased, notwithstanding the ascent, 
the diminished pressure, and the expansion consequent on 
that diminution. 

According to published accounts, Mr. Walsh, of the Kew 
Observatory, ascended in a balloon from London on October 
the 2nd, 1852, leaving the earth at 45 minutes after 2 p.m. 
The temperatures found at different heights in the atmosphere 
are stated to have been as follows : — 

At the surface of the earth at the time of starting 68 ^ Fahrenheit; 

And when a height of 1 ,500 feet was attained, it had sunk to 50° ** 

Had the air been undisturbed by condensation, it is pre- 
sumed that the cooling would have been only 5° , whereas it 
was actually found to be so much as 8°. This low tem- 
perature probably was a consequence of the formation of a 
cumulous cloud in the region above, which removed some of 
the incumbent weight and caused increased expansion and 
cooling lof the lower air, as explained in page 230. But on 
the balloon ascending an additional 1,900 feet, making a total 
height of 3,400 feet, the temperature, instead of sinking 
further, rose half a degree. Now in order to account for this 
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fact, we are obliged to presume that, after passing the height 
of 1,500 feet, the balloon entered a cumulous cloud which was 
then swelling and growing, and within which condensation was 
going on with suflicient energy to raise the temperature at the 
height of 3,400 feet to 50l degrees. 

At a further height of 1,000 feet, making a total elevation 
of 4,400 feet, the temperature, instead of falling, from the 
increased ascent and consequent expansion, rose 2 degrees 
more, making a temperature of 52i degrees. But an addi- 
tional fact is stated, which points at an explanation of what 
had occurred ; the air is said to have been very damp at the 
time, and the aeronauts knew that they were enveloped in a 
cloud. Indeed, it is sufficiently evident, from the facts named, 
that condensation had been going on within the cloud, and we 
presume that it must have been so abundant as to have raised 
the temperature to 52i degrees, because there appears to 
have been no other cause in operation to produce so high a 
temperature. 

After this, the balloon seems to have ascended above the 
cloud and to have attained a height of 12,600 feet, and here 
the temperature was found to be 2o^. Now, by taking the 
various heights named, and the temperatures actually found, 
and putting down the temperatures that it is presumed would 
be found at the same heights in an adjoining column which 
had been undisturbed by condensation of vapour, we shall 
have a view of parallel vertical columns of the atmosphere 
existing in a dry and undisturbed state, and also when 
disturbed by condensation : — 


Heiglit iu feet. 

Temperature of au undisturbed 
column of Air. 

Tempcrtiturc as 
observed. 

12.400 

16° 

25° 

4,400 

43° 

52i° 

3,400 

47° 

50J° 

1,500 

53° 

50° 

0 

58° 

58° 





THE Forces that Produce Storms. 311 

From an inspection of these columns it appears that at a 
height of 1,500 feet, the air in the ‘‘observed” column had 
been cooled 3° beyond what was due to the height in undis- 
turbed air, and thus great reduction of temperature is presumed 
to be attributable to the condensation of vapour above lighten- 
ing the air, and allowing that which was below to expand and 
cool more than is due to the height. But at the height of 
3,400 feet, where a temperature of, say, in whole numbers, 
47®, was due to the elevation, it was found to be 504®, show- 
ing that condensing vapour had, at this height, warmed the 
part 34® above what its temperature would be when dry and 
at rest.* At a height of 4,400 feet, the natural temperature 
of dry air would be, say 43®, but it was found by the aeronauts 
to be 9i® higher. And this, we are obliged to presume, was 
caused by a column of saturated air being forced upwards, so 
rapidly as to produce an amount of condensation of vapour 
that raised the temperature so high as 52J®. At the height 
of 12,400 feet, the natural state of dry air would have been a 
temperature of, say, 16®, whilst that found was 25®, and the 
inference is, that the temperature had been raised in the 
locality, by recent condensation, 9^. 

In speaking of adjoining undisturbed air, it is not to be 
understood that there is, at some certain distance, air which is 
perfectly dry, or stagnant. In each actual occurrence the 
heavier air, that forces up the lighter, may only approximate 
to tbe undisturbed state ; but the nearer the approximation 
the more complete will be the action in forcing up the lighter 
air. And it is so obvious that it is hardly necessary to state it, 
that if adjoining air should, from any cause, such as cloud 
evaporation, have been rendered heavier than the natural 
mean, its action would be still more effective. The important 
fact is, that air is rendered warm and light by condensation of 
vapour, and in proportion to that condensation, in one locality; 
while in other parts, within certain distances, other air more 
nearly or entirely retains its full natural weight, or may be a 
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little heavier, and, therefore, the latter forces up the former, 
and produces such results as have been described. 

In 70® of north latitude, Messrs. Bravais and Lottin 
observed, at an elevation of between 1312 and 1640 feet, that 
the temperature rose as much as 10.8® Fahrenheit.* 

From an account in the Literary Gazette, it appears that 
another ascent was made by Mr. Walsh on the 10th November, 
vhen the great height of 23,000 feet was reached. It is said 
that on this occasion the ‘‘ temperature on leaving the garden 
was 50®, and at the greatest elevation it had fallen to lOi® 
below zero, or through 60^°.” Now a reduction of tem- 
perature of 1° for every 300 feet of elevation would have 
given a height of only 18,150 feet for a reduction of 60J“ of 
temperature ; whereas the height of 23,000 feet was attained 
when that degree of cold whs experienced. The sinking of 
the temperature was therefore only 1® for about every 398 feet 
of elevation. And if 300 feet be sufficient to produce that 
effect in an undisturbed atmosphere, there must have been 
some disturbing cause in operation in the part at the time, 
Was it the formation of a cirrus cloud ? 

All the heights given were no doubt estimated from the 
state of the barometer ; but it is evident that the height of the 
mercury of that instrumcut would be affected by the changes 
in the condition of the atmosphere, as well as from the 
elevation to which the instrument had been borne, f 

* See Boussingault, page 656. 

+ “ The difference in temperature between the valley and the tops of the 
mountains varies greatly, according to the amount of cloud, the presence or 
absence of mist on the mountain, and tlie height of tlio under surface of tlie 
stratus or cirrostratus above the valley. When the mountain is enveloped in 
mist quite down to its base, particularly if accompanied by deposition, the dlfifer- 
ence in temperature does not exceed 7 or 8 degrees; while under a clear and 
cloudless sky it amounts to 19 or 20 degrees.”— Mr. Miller’s “ Meteorology of tlio 
Lake District of Cumberland, for 1852.” 



ESSAY XVI 1. 


On the influence of Sun-heated La/nd in producing atcending 
Atmotpherk Currents. 

The Hadleyan theory of the trade>winds is founded upon 
the supposed influence of the rarefaction of the atmosphere 
of the torrid zone by the direct action of solar heat. The 
Rev. T. Milner, in his recent work, the “ Gallery of Nature," 
gives the explanation of that theory. He says — “As the sun 
is always vertical at some place within the tropics, the average 
temperature in that region is much higher than in latitudes 
to the north and south, and the incumbent air is thereby 
rarefied and expanded. The consequence is, that in obedience 
to hydrostatic laws masses of air are continually buoyed up 
from the surrounding surface, or swelled round the torrid zone 
in the form of a protuberant belt, the upper strata flowing 
over and running off in stream towards the north and south, 
where having been cooled and condensed, they descend and 
flow over the surface towards the equator, pouring in a per- 
petual current of air to supply the place of that buoyed up 
by the heat of the tropics.”* And such is, in substance, the 
theory of winds which is to be found in all modern books that 
treat on Meteorology. Yet this theory is not only unsupported 
by specific facts, but is directly at variance with many of them; 
nearly the whole of those that have been collected, having a 
bearing on the subject, tending to prove, not the truth, but 
the falsity of the theory. That the surface of the earth being 
in parts heated by the sun to a high temperature, will to some 

* Page 440. 
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extent communicate that temperature to the air resting upon 
it, which will then rise, allowing cool air to flow in and supply 
its place, is, to a small extent, undoubtedly true: but that 
this kind of heating of the air produces the important effects 
ascribed to it in the received theory of winds, is not shown by 
reference to any known facts, nor by any just infereiyice from 
those that have a bearing on the subject* It is therefore 
to be viewed only as a plausible conjecture, which has been 
advanced and adopted in the absence of real knowledge of 
the subject* 

I have in former papers shown that the influence, on the 
atmosphere, of such heating of the land as is referred to, is 
feeble and incapable of producing the strong winds, including 
those called the trade-winds that blow in many parts of the 
world ; but it is highly desirable that we should go more fully 
into the subject, and trace more particularly the real effects 
of heating the surface of land by the sun that are produced 
on the air resting upon the land. It must be observed tliat it 
is not merely the geographical position of the tropics that is 
supposed to cause the rise of the air, but the high temperature 
of the surface of the land, and of the air resting on it, as a 
consequence of that position. It therefore follows that where 
the surface is the most heated by direct solar influence, the 
effect spoken of should be experienced in the highest degree ; 
and the large areas on the earth's surface which are the most 
heated, should have the air over them the most swelled and 
buoyed up, allowing cold air to flow towards them below in 
the most palpable and decided manner. Now there are a 
number of such places respecting which we have tolerably 
full information, and all that is necessary to be done, is, that 
we should collect that information, and ascertain the nature 
of the evidence which it furnishes respecting the truth or the 
falsity of the theory under consideration. 

It is well known that it is not either upon, or near to, the 
equator that the most highly sun-heated land is found, or 
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where such lands exist to the greatest extent, although most 
of them are within or near to the tropics; some, however, 
extending considerably beyond that liihit. From the equator 
up to the latitude of 30°, or in certain parts to 40° north, in 
the summer, much sun-heated land is found, including the 
deserts of Arabia and Persia ; and an inquiry into the state 
of the air over these deserts at that season, and its various 
movements about them, will enable us to judge of the influence 
of direct solar heating of the land on the atmosphere which 
rests upon it. The deserts of Bokhara and Tartary extend 
far north, and they are heated to a very high temperature in 
the summer, — we may therefore begin by adverting to the 
influence of direct solar heat on their atmospheres. They 
may be cpnsidered as extending from the Sea of Aral, in 45° 
north, towards the south. Accounts pretty generally agree 
in representing the summer temperature in these parts as 
reaching to 100° of Fahrenheit. Burnes, in his Travels, 
says — After having passed the Oxus, the country was entirely 
destitute of ^ater, but the wind blew steadily from the north, 
(the hot country in the summer,) from which quarter it blows 
constantly, — nor do I believe that it would be possible to 
traverse this tract, in the summer, if it ceased to blow.” 
Yet nearly south of this part there exist extensive ranges 
of mountains covered with snow during the whole of the 
summer, which of course have a very low temperature. Here, 
then, if there was truth in the theory under consideration, we 
might expect to find air ascending from the heated surface, 
and permitting other air to flow into its place from colder 
districts. But not a breath of air appears to pass from the 
parts that are covered with snow to the hot land of the desert. 
On the contrary the wind blows steadily from the north, which 
part is highly heated at the time ; — that is, the wind blows 
from a direction the opposite of that in which the cold exists. 
Now what evidence do these facts present that the air resting 
upon this hot desert is heated by it, until that air swells, rises. 
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and flows over in upper regions ? Certainly none ! they give 
no countenance to that theory. 

It may be imagined, however, that the atmosphere, though 
it does not ascend here, rises from surface-heated land, some- 
where still fflrther south but this, we shall find on inquiry, 
h not, the fact. For in the Persian deserts, to the south, as 
well as across the deserts of Beloochistan, the wind continues 
to blow from the heated north during the whole summer, pro- 
ducing the extreme dryness that is found there. At Bagdad 
and Bushire, the thermometer sometimes stands at ISS'^, yet 
no fact can be traced in this locality to countenance the 
supposition that any atmospheric current ascends from these 
heated parts. 

The great Desert of Arabia, a considerable porlion^f which 
is west of Persia, but a large part south of it, and much of it 
lying within the northern tropic, presents the same general 
features as the more northern and eastern deserts just spoken 
of. It is not, however, to be supposed tliat the winds, as 
they pass over these extensive countries, are never disturbed 
in their course to any extent by local influences. No doubt 
mountains or hills will and do more or less affect them, and 
cause local deviations from their general course. But the great 
cause which produces the principal wind seems to have sufficient 
power to overcome these local influences, and to determine the* 
general movement of the mass of the atmosphere. 

The land in the desert of Arabia is probably raised to as 
high a temperature, by the direct action of the solar rays, as 
any portion of the surface of the earth ; and if the mass of 
air resting on the earth could be raised and made to overflow 
by mere surface-heating, it would undoubtedly ascend here 
energetically, and flow away in the upper regions, leaving 
other air to come in below from contiguous parts, and parti- 
cularly from the comparatively cool adjoining Arabian Sea. 
But what are the facts of the case ? Why the general wind 
continues to blow over the heated land, until it passes to and 
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over the Arabian Sea : — that is, it moves from a hot surface 
to a cool one. In fact, this large mass of air, coining from 
the heated lands named, makes its way over the hot desert and 
round the bases of the snowy mountains of Hindoo-Koosh and 
Alfghanistan, — passes to the comparatively cool water of the 
Persian Gulf and Arabian Sea, where it appears to take up a 
partial supply of aqueous vapour, and it finally rushes over 
the. plains of Hindoostan to the Himalaya Mountains, where 
it really does ascend. These plains, however, are not then 
highly heated by the direct action of the sun upon them, as the 
surfaces of the desert were over which the wind had passed, — 
the plains of Hindoostan being at this season screened from 
the direct solar rays by a thick canopy of clouds, the country 
being generally, though riot universally, deluged by rain ; the 
exception being found about the mouth of the Indus and in 
Cutch, over which the dry air from the deserts passes. 

These facts show that the cause of the continued flow of air 
over the deserts that have been named, is to be found in the 
large amount of cond^sation of vapour that is taking place 
against the lofty Himalaya Mountains, which vapour is known 
to have been brought from the wide expanse of the Indian 
Ocean ; and its condensation appears to be sufficient to pro- 
duce a comparative vacuum; and to create ascending currents 
powerful enough to draw air fi'om the remote distances that 
have been described. The moving mass of air constitutes a 
general north wind in the deserts of Bokhara and Persia, and 
a north-west wind over Arabia, and it is turned into a west 
wind in its passage across the Arabian Sea, these directions 
being evidently determined by the large amount of condensa- 
tion that is takiiig place against the Himalaya Mountains. 
In the whole of the countries traversed, we have, then, evi- 
dence that dry solar heating of air does not produce ascending 
atmospheric currents, and consequent horizontal winds. We 
also see what does produce them, — that they are produced by 
condensation of aqueous vapour. The evidence may therefore 
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be considered strong as far as respects the localities that have 
been named. 

But the great Desert of Northern Africa is the part gene- 
rally pointed out by those who say that the heat of dry land 
produces important ascending currents in the atmosphere. 
Respecting this desert, “ Dr. Oudney, in the course of his 
long journey from Tripoli to Lake Tchad, estimated the ele- 
vation of the southern Sahara at 1,637 feet. The French 
engineer, Fournel, has, by careful barometric measurements, 
based on corresponding observations, made it probable that 
a part of the northern desert is below the level of the sea. 
Between Biscara and Sidi Ocba the ground is only 243 feet 
above the level of the sea.”* And Milner says — “From' 
the west coast of Africa, and between Morocco on the north, 
and the Senegal River on the south, this wilderness extends 
easterly to the Red Sea. It embraces a space of more than 
46® of longitude and 15® of latitude, or a length of 3,000 
miles by a breadth of 1,000. A large extent of the Sahara is a 
dead level, but low sand hills, wadies or valleys, and project- 
ing rocks are frequent.”-! It is stated to be “like an immense 
furnace, warming all the regions on the Mediterranean, in tlie 
south of Europe and the west of Asia.” 

It will, however, be found, on inquiry being made, that the 
facts relating to this desert present no evidence to justify such 
a statement. A moderate flow of air from the north appears 
at times to pass over Algiers and Tripoli to the desert, in a 
fluctuating and irregular way ; but it passes over the whole 
desert, leaving it nearly destitute of water, and probabl}" in 
some way, not open to observation at present, feeds tlie north- 
east trade-wind of the Atlantic, which is said to have its origin 
over the sea not far from the desert. But the only winds that 
have a decided character in or about this extensive area, arc 
the north wind that blows up the valley of the Nile, and the 
Harmattan, which issues from the desert and is lost in tlie 
Atlantic* 

* Aspects of Nature (Humboldt's), p. 1 lo f Milner, p. J20 
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That which blows up the Nile begins in the month of June, 
a time when the desert is much heated ; and the wind is known 
to continue blowing up the river as far as Abyssinia. Speaking 
of it a compiler says — ^*The mists which are exhaled from 
the Mediterranean by heat, and which frequently obscure the 
Egyptian sky, are carried by the north winds over the flat 
country without interruption, until they are arrested by the 
mountains of central Africa.”* But this part of central Africa 
is, as compared with the desert, a cold country, being much 
elevated ; — the wind, therefore, blows along a border of the 
desert to feed an ascending current in a distant part. It may, 
indeed, as stated by Lizars, be distinctly traced as coming 
from the Mediterranean Sea, and the countries beyond it; — 
and in blowing up the valley of the Nile it passes by the 
imagined vacuum over the desert, and proceeds to the elevated 
land of Abyssinia, where we find again, as we did among the 
Himalaya Mountains, that at the same time rain falls in great 
abundance, as is sliown by the rise of the river shortly after- 
wards. But if the hot Sahara heated the air that is upon it, 
and made it swell and ascend to the higher regions, allowing 
cool air to flow in below to supply its place, in the way that 
lias been alleged, this current of air which now goes up the 
Nile would undoubtedly be drawn westward towards the inte- 
rior of the desert to feed the ascending current : and as it is 
not so drawn, it is to be presumed that no such current exists 
over the desert. 

The accounts which we have of other winds that occasionally 
blow on the same side of Sahara represent them as blowing 
from the west, — that is, from the desert towards the valley of 
tlie Nile. This is so decidedly the prevalent direction of these 
winds, as to cause them to carry the loose sands of the desert 
towards the river. It is confidently said that the sand thus 
brought has been long covering the land on the west side of 
the Nile, and converting it into desert. Now if air ascende^ 
iiom the desert, such a wind could not exist ; it is therefore 
* Lizars’ Atlas, p. 262, 
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also evidence in favour of the non-existence of an ascending 
current within the desert. 

Another wind is sometimes encountered in this part of 
the world, which is thus described in a popular geographical 
work : — Egypt is liable in spring, for a period of fifty days, 
to the terrible wind of the desert called ' the Simoom,’ which 
from its intense heat and dryness threatens, when long con- 
tinued, the extinction of animal life. It seldom continues, 
however, above three days.” The wind here described is, 
there can be no doubt, caused by a local ascending current, as 
it raises large masses of the sand of the desert to a considerable 
height. It is, however, always accompanied by a tliick cloud, 
which intercepts the light of the sun to such an extent as to 
bring on darkness almost equal to that of night; there must, 
therefore, notwithstanding the dryness of the air below, be a 
considerable amount of condensation of vapour taking place 
above in some part of the atmosphere, in order to produce the 
cloud. One writer, describing this wind, says — We knew 
not where we were, and could not distinguish any thing at the 
distance of a foot. The sand wrapped us in darkness like a 
fog, and the sky and the earth seemed confounded and blended 
together.”* The particular cause of this extraordinary wind 
we have no means of determining, the requisite meteorological 
information not having been furnished, but it is said to come 
from the desert, and to continue but for a short time; it cannot 
therefore, be taken as evidence of the existence of such an 
ascending current within the desert as is under considcrati(n). 
Indeed, the evidence that it furnishes is iu favour of the 
non-existence of such currents^ and of the means of producing 
them* If sufficient vapour existed in the part^ it vvnnjri 
evidently be carried up by the Simoom, and rain would ht.' 
produced as in rainy localities. 

“The Harmattan” is a wind that blows on the surface o! 
the desert from the interior towards the Atlantic Ocean, 

» Cftille. 
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passing for some distance over the sea. It is irregular in 
its occurrence, although more frequent in our winter than in 
other parts of the year. It blows with considerable force 
and often lasts for a number of days. The following is 
the description of this wind by Milner. He says — **The 
Harmattan, a periodical wind from the desert, differs re- 
markably from the Simoom. It blows from the interior of 
the gp’eat Sahara, from the north-east over Senegambia and 
Guinea to that part of the coast of Africa that is between 
Cape Verde, in fifteen degrees of north latitude, and Cape 
Lopez, in one degree of south latitude, a coast line of upwards 
of 2,000 miles. It occurs during December, January, and 
February, generally three or four times in that season. . It 
comes on indiscriminately at any hour of the day, at any 
time of the tide, or at any period of the moon, continuing 
sometimes only a day or two, at other times five or six days, 
and it has been known to last for upwards of a fortnight. It 
blows out to sea for ten or twelve leagues. Extreme dryness 
is another property of the Harmattan ; no dew falls during its 
continijance, nor is there the least appearance of moisture in 
tlie atmosphere.” 

This account of the Harmattan shows that it blows over 
the surface of the earth from the desert, which is the reverse 
of what would take place if heated air were ascending to the 
higher regions, and overflowing to adjoining countries. It is 
therefore evidence against the received theory. 

Since the above was read to the Interary and Philosophical 
Society of Manchester, I have been informed by a gentleman 
who has resided for a considerable time on the coast where* 
this wind blows, that the inhabitants of the country confidently 
;i.ssert that a violent tornado in the vicinity always precedes 
ilu* Harmattan. It is spoken of by them as a well known 
fact, that the Harmattan always comes in with a Tornado i* 
there is, therefore, no reason to doubt the connection of the 
two phenomena. Evaporation m this hot climate charges the 
2s’ 
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stagnant atmosphere over the sea with vapour up to the point 
of saturation, when some slight disturbance, at a moderate 
distance from the desert, sends a portion of (he lower air 
into a higher region, and condensation of a part of the vapour 
is begun. 4n ascending current is produced, of a strength 
proportioned to the quantity of vapour that is carried up : the 
lidjoiniog saturated air around then rushes into the vacuum 
that ^ ci^ated> which eniaigea its area and 
virhoid Ideality, until the vapour is horde to l^e tipper re|^dii% 
where it is condensed and furnishes delu^iidf r^ The 
great vacuum which is thus formed in the atinosphere^ being 
near to the desert, the dry air over the desert presses into it, 
and will be disposed to follow it to a distance over the sea, 
until the supply of vapour from the sea is exhausted. 

Teneriffe, one of the Canary Islands, is to the north of this 
locality where the Harmattan blows, and Humboldt says that 
when he was 6n the Peak of that island, a west wind blew 
with violence, though the island below was under the ordinary 
influence of the north-east trade wind. But this shows a state 
of things just the reverse of what would be found if^eated 
air ascended from the surface of the desert, aa then there 
would be a west wind blowing below from the cool sea towards 
the heated land, and the air which rose from the desert would 
overflow from it towards the sea in the higher regions. Thus 
all the facts of the case that we have passed under review are 
strikingly at variance with the common theory of ascending 
currents from sun-heated land, giving no countenance to that 
theory. It may be observed that in this part of the Atlantic 
Ocean the water comes from the north, it being the place of 
termination of the gulf stream which flows &om Newfoundland 
by Ireland ; and no continued wind can be tracefl, eveti in the 
summer, blowing from this cool the heated desert The 
slight winds that are sometimes found here blow from the 
desert to the sea : — thia is shown by the fine sand that is borne 
by the air to the islands and the ocean beyond them. 
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Captain Fitzroy says that “at St. Jago the wind being always 
from the north or oast from December to June, a ship can moor 
as close to the weather shore as may be convenient ; but from 
July to October no vessel should deem the Bay of Porto Praya 
secure, or anchor near the shore, because southerly gales some- 
times blow with great strength.** ♦ Thus we see tnat all winds 
are found to blow in this part except westerly, which would 
be the priucipalj if not the only one, if air ascended from the 
deaert*^ . ^ • 

Inhere ia another ifrind which must not be passed^nnoticed. 
It biowa more or less throughout^the year from the west, bu( 
with some fluctuation in its direction, from the Gulf of Guinea 
towards the main land of Africa. It passes, however, over 
the equatorial parts of the country towards a mountainous 
region where heavy rains fall, and not towards the heated 
desert. 

The imperfect accounts which we have of the interior of this 
great area of stones and sand state that, although the ground 
is greatly heated by the sun during the day, at night its tem- 
perature sinks to a low degree, as compared with that of the 
day. The inass of the atmosphere is therefore probably not 
greatly heated. It appears from many facts that the solar heat 
which is accumulated near the ground in the day is rapidly 
dissipated by radiation through a clear sky at night; and the 
mean temperature of the air at a moderate height, if taken at 
each of the twenty-four hours, would probably be found not 
to be high. In those parts of the desert that are near to the 
Mediterranean, heavy dew moistens the ground, from which 
the deceptive mirage, so often described, is probably produced. 
Hut more in thelnterior no dew appears, even during the great 
cold of the nights, the air therefore must be very dry, and the 
sky is said to be generally without clouds. 

A wind is c^pasionally felt on the south-west coast of Italy, 
which, as it is said to cottfe from Africa, it is necessary to 
FitWfoy** Toyagw, p. 51. 
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notice. The following account of it is from Milner. He 
It i$ f south-east wind, prevailing in the Medi- 

most violeiftly, in 

. It sometimes 

cdiiitik€^ces.^ntly about the sunimd^aibbtice, 
sioually with great force in the month of July.” ** There can 
be little doubt (Milner continues) that this south-east wind 
sweeps across the Mediterranean from the shores of Africa.” 
Sut it comes as a lower wind ; and therefore evidence that 
Africa heats air and causes it to ascend, it entirely fails. 

- If air from, the Mediterranean Sea or the Atlantic Ocean 
flowed freely towards the interior of Africa, where it became 
heated and ascended to a considerable height in the atmo- 
spheric space, it would by that ascent expand and cool, and 
having taken up vapour from the sea, that v,apour would be 
cooled by the gases, and would produce cloud and rain. It is 
because there is not a sufficient swelling and rising that the 
country is so dry. There is no land sufficiently elevated to 
force the air to such a height as shall bring on condensation, 
and create ascending currents that will permit air to pass on 
the surface as a wind, as it does up the Nile, 4o the rainy 
district of Abyssinia. 

It is, however, only proper that the following passage whic h 
I have recently met with in Humboldt's Aspects of Nature^ 
vol. i.,’p. 61, should be given. This eminent philosoplur 
says— “ It is a remarkable phenomenon, well known among 
sailors, that in the vicinity of the African coast, between the 
Canaries and the Cape de Verde Islands, and particularly 
between Cape Bojador and the mouth of the Senegal, a west 
• wind of|en takes the place of the general east or trade-wind 
of thb firopics. It is the wide expanse of the desert of Sahara 
which causes this westerly wind. The air over the heated 
sandy plain becomes rarefied and ascends, — the air from the 
sea rushing in to supply the void so formed, and thus there 
someiimes arises a west wind adverse to ships bound to the 
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American coast, which are made in this .manner to feel the 
vicinity of the heat-radiating desert, without even seeing the 
Continent to which it belongs. The clmnges of land and sea 
bieeEesy which blow alternately at oi the day or 

nightcfn all coaetei are due rWtW . 

From this passage it is probable that tlie learned writer of 
it was so exclusively and entirely impressed with the idea 
that air must rise from heated land, as to induce him to refer 
facts which he met with, or even heard of, to it as the cause, 
without making further inquiry on the subject. But if heated 
land in the Sahara really produced such an effect as that 
ascribed to it, should we have only such meagre hearsay evi- 
dence of it as that given ? The general wind of the part is 
fully admitted to be the eastern trade-wind, and it is said that 
there only so?netimes arises a west wind, — which is charac- 
terised as a ^‘remarkablfe phenomenon.” Now it is well known 
that winds blow to some extent on all coasts from the sea to 
the land, because there are generally some obstructions, or 
elevations of tlie land,* not far from the sea, up which air 
ascends and forms cloud, and where more or less rain is pro- 
duced. Butjpiich winds are less frequent and more feeble on 
tins than on other coasts indeed they are so much exceptions 
to the general movement of the atmosphere in the locality as 
to be unnoticed by all the compilers and navigators I have 
lia}>pejied to meet with. It is, however, sufiiciently evident 
that if tliis desert really aefed on the atmosphere in the way 
tljat is supposed, the wost wind would be nearly always blowing, 
and during the suimmer with great strength, instead of being 
kSucIi an exception as to have almost escaped observation. The 
desert, on this part of the coast, is but little known, but on 
.some maps hills or mountains are marked, and there may be 
such sufficiently high to produce occasional rain. This is the 
jnore likely a% the mouths of some short rivers are marked on 
the maps, as entering the sea in this part, such as the river 
Cyprian, in 22^ of latitude^ and the river Del Oura, near tlie 



8SS The Influence op Sun-heated Land in 

and rain must have fallen to supply the water that 
ftsWIijdfliim . these rivers. Bait as Humboldt states that the 
tMi nWt. wind ie the saaw as th^ which peoduces 
||i i i l ^ l |fe iht4»aneaEwc«fcewE»t»Ep4 wt^h^ 
dhj9|j£(«nalhreezes alonf the coaate of this desert riiottih ibuf 
anlif I^ONfn to exist to the sooth of : i^— <«ven the atnheri^ of 
this eminent pbilost^her proves little more rium tluit, in the 
g^t extent and variety of his multifarious inquirieB» he has 
sometimes adopted the general conclusions which he found 
in books, without carefully examining the. foundations <m 
which they rest. 

If the Abyssinian mountains extended across the desert to 
the Atlas range, the air which now goes to Abyssinia would 
doubtless in part flow towards the imagined mountains ; and 
winds similar to those which now blow from the Gulf of 
Guinea might then rush from the Canary Islands, across the 
present dry deserts, to the same elevations. There would 
then be not only ascending currents in the air, but-rain to 
water the earth; and, if the mountains were lofty, large rivers 
m^bt flow through the deserts to the seas, as they now flow 
from the Abyssinian and Himalayan Mountains. 

The tropical seas from which vapour is principally raised 
are in the Pacific, the Indian, and the Atlantic oceans. That 
which comes from the first of these oceans is condensed 
mostly among the mountains of the eastern archipelago, — 
firmi the second, against the Hiolalaya range,-— and from the 
third, against the cordilleras of the Andes; and when conden- 
sarion is taking place energetically among ai^ of these moun- 
tains, the air rushes towards them ffom the a^oining seas, and 
cons^tes a wind, strong in proportion to. the amount of 
oottdfiisal^ id vapour in the part, 

But to enable us to reason upon the real causes which are 
at psesent to prodwe sdch vrinds, ij^fns suppose 

that a broad fa^tioflihe eguatoriidland all round the globe,— 
aay fifteen or fw«Q^ degrees cm each aide of the equator. 
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including the Andes, the eastern archipelago, and the moan* 
tains of central Africa, — ^was low and flat, as the valley of the 
Amazon is now; and that motmtains similar to those at 
preseat about the pti^ of ^ e^ciitee jp«t 

do,>-Hiieve beh^ at the sthne t^ no ^et^ iuoiuifei^ the 
soutbr^and then endeavour to conceive how the atmo^bere 
about the equator would be affected by such a state of things. 

From the evidence already adduced, we may infer that 
evaporation would take place from the tropical seas as at 
present, and the air over them would be saturated with 
vapour. But as there would be no elevated land contiguous 
to the equator or near those seas,- excepting the supposed 
mountains, the slight disturbances which are always occurring 
in the atmosphere would *force some of this vapour up the 
northern mountains, as it is now forced up the Himalayas, 
and thereby produce such ascending currents against their 
sides as would draw all the air and vapour from the tropical 
seas towards .themselves. Winds would then blow from the 
tropical seas to the mountains, leaving the imagined low belt 
of tropical land dry desert, like to the Sahara. The tem- 
perature of the air over the low land might possibly reach 
1 ^° or 140°; yet there is no reason to suppose that such 
heated air would there rise and overflow, as there would be no 
condensation of vapour going on in it. But while the tem- 
perature of .the air near to the mountains would rise probably 
not much higher than 80°, a temperature veiy high for the 
height in the atmosphere would be carried to great elevations, 
whilst the heat over the Iqw tropical land would be confined 
to a moderate stratum of air near the surface of the earth. 

We have facts, simiktr in their nature to those just given 
bypotheticaUjr, in the existing state of things near the tropics. 
The imaginary tropical low- lands would be just such as now 
exist in Arabia and AMi^^aad-the mountains wotdd-ba 
similar to the Himalaya range. And it wbtdd not be more 
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surprising that vapour should then pass from the tropical 
Atlantic seas to be condensed against mountains in the north, 
Jt^u'itds that it now pas^ from the southern, as well as from 
Indian Meai|^tO!the Himalayas. At present, in 
the^rammier monsoon df tte' lhdibD iochan> vapour passes from / 
south to* north, from Madagascar ^to the Himalaya range, 
through 50 degrees of latitude, and it might equally well pass 
over the tropical Atlantic to mountains 30 degrees north. 
But this would prove by the evidence of facts that direct solar 
heating within the tropics did hot cause the air to swell and 
ascend and flow over in the higher regions, aiiy more than it 
does now from the deserts of Arabia and Africa. 



On the F(kmtwn and tkusification of Chude,- 

K' 

Clouds of all kindi$ are products of vapour which haa been 
primarily furnished b/ evaporation from the surface of the 
globe. The dense Stratus, generally hovering near to the 
surface and appafbndy stationary, — the swelling Cumulus, 
piling mountain upon mountain, surpassing in their grandeur 
terrestrial elevations, as well as the airy-looking Cirrus, — are 
all products of that vapour which, in an invisible state, is 
furnished from the surface' of the globe to the atmospheric 
space. 

Attempts have been made to classify the clouds, but those 
attempts have been founded almost entirely on their shapes or 
appearances, having no reference to the manner in which they 
arc produced from the invisible vapour. The very different 
forms, however, which clouds assume may reasonably be sup- 
]>osed to result from the different processes that take place in 
the atmosphere through the condensation of the vapour that 
exists in it, or from the various circumstances that are con- 
nected with that condensation. And if we could follojr those 
circumstances and trace the different processes that are in 
operation from the formation of the vapour by evaporation at 
the surface of the earth, until it appears in the various clouds 
that are presented to the view in the higher, as well as the 
lower, regions of the air, we might become better able to 
account for. their different aspects; whilst the peculiar appear- 
ances which they exhibit, might possibly suggest idejnu respect- 
ing the nature of the processes which produced them. 

St 
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In describing th<^se bodies, Milner says— ‘‘ The Ibnns as- 
sumed by the clouds are*4o infinitely diversified, as to render 
it' apparently hopeless to attempt their arrangement in a lew 
general modifications. ■Sf', a classification lias been made 
with some success, which reduces Iheso varied aerial objects 
into sevd) genera.” He then procedHs tg give the seven names 
that have been applied by Howard, and al|o,||io8e of Foster. 
Ff R8t* The eSrrue, er Cl^kn^” of cloud,” 

f) sometimes 

sho^iii^’oiKlir&dHi'attiieletis !h alhditSipf^^^^nbUDg a lock 
of bsir or a crest of feathers.'" It wlfr'lte pe^n%^ that the 
Bame of this kind of cloud, hair or as well as 

the ‘description given, relates entirely to itl*)forih. It is gene- 
rally seen inr the higher regions of the ait. ' 

SficoNDCT. “ The Cumulue, orStnehm-^SIfiui^' “ This modi- 
fieafibn of cloud,” says Milner, “occurs te-the lo.'iir«i; regions of 
the atmosphere, and is easily reeb^sed. It consists of a vast 
hemispherical heap of vapour rising gradually fsom au irregular 
horizontal base. Hence the names Cumulus, a pile or heap, 
and Stacken-cloud, a number of detached cloucb stacked into 
one large and elevated fabric.” This cloud is evidently nanu d 
from its peculiar appearance in thoisky. 

l^lBDtY. ‘*Stratu$, or Fall-chad” This is stated to bo 
’’a bed or covering of the surface of the earth, produced by 
Subsidence of vapour in the atmosphere.” These names also 
earpress the form, excepting when the subsidence of vapour is 
spbkeip^,*aiid this subsidence is dislingnishahle by observers, 
only beeaBSe the cloud exists near the surface. No doubt 
cloOds isometimes subside still more thhb this, but they 
high to allow the movement to he disthtgu^cd. These 
^I^jl|pr4hil|m, even according to thio designate 

the iMribittry clonda, the ether M either 

compounds, ' or emtain modifications of the primaries, as — 
FdbH'nlii.Y. “CSfjro-Cumu/tts — Sonder-thad" . “This is of 
an btbrmtidi)iytc mf|it<it%s%wee^ Cirrtis and the Cumulus.” 
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Fifthly. Cirro-Siraius.^Wane-^loud'' These names 
point to the origin and form of cloud, and they indicate 
that it is> jiroduced fit>m portions of the Cirrus and Stratus, 
dissoh ing or waning in the atmosphere. 

Sixthly. CumulQ--Skfi>tus—^ain-cloud.^^ This is formed 
by Cumuli unitin^^ ^d producing a ridge, or a cluster^ raoun- 
tains of cloud, leo^g li&e the Stratus in the lower part* 

Seventhly, or Main-cloud^'* Any of the pre- 

ceding modificatlBpa^^claiid,** Sjtya Afilner^^P^xnay so ^(cteasd 
as to veil put on the appeai^noa of 

density frdloaf ^ich an^Mperient^ed ob^rver will augur rain. 
But they fr4^ett(^y dii^lYe ^vilhout any shower, and no rain 
falls till another iiio^fication has been experienced. After 
exhibiting a great inarease of density and assuming a lowering 
aspect, the Imcbu^l^r « darkness is followed by a lighter 
shade, evi^rrcing a ftesb disposition of the aqueous particles 
in the cloud, or the >fornlfttion of the Ninibus from which 
rain falls.”’ * * 

Tliese are the names and descriptions of the different clouds 
that are given^by Milner, and excepting those portions which 
relate to their forms thdy are exceedingly meagre and obscure. 
In giving thes$ names nQ attempt is made to indicate the 
nature of the changes that are taking place in the atmosphere 
to produce the various forms : — the most that is stated in that 
respect being, that a lighter shade following darkness 
evidences a fresh disposition of the aqueous particles; this 
fresh dispositmn being the formation of rain. Nothing^is said 
as to the mode in which the rain is formed, or of the laws 
of nature that are in operation preparatory to, or during 
its fonnation,— leaving us to suppose that nothing is known. 
Indeed, with the information that is to be found in standard . 
works on Meteorology, it was not practicable to do more on 
the subject than has been done. But this is exceedingly 
unsatisfactory, and renders it fairly desirable efforts 
should be made to trace, as far as we are able, the working 
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of those laws through the various formations of cloud that 
are successively exhibited in the higher, as well as in tlie 
lower regions of the atmosphere. Cloud being evidently a 
result of condensation of vapour — when that cloud presents 
itself to the eye in certain forms or appearances, it is to be 
presumed that each particular shape of the cloud indicates a 
peculiarity in the process of condensation of the vapour that 
is in the part, — or of the evaporation of the cloud that had 
been previously formed, — which peculiarity may possibly, to 
a considerable extent, be discibvered and exhibited; thus 

cantii^^f thel clouds taking 
the particular forms which they present to tlie 

sight 

As has been stated, evaporation from the surface of the 
globe primarily furnishes the vapour Which ^exists in the. 
atmosphere, and it is produced by a union of heat and 
water, — whilst condensation of the vapour is effected by 
abstraction of heat from it, — thus restoring it to the liquid 
state: the two processes, therefore, cannot be going on in 
the same place at the same time. When vapour rises from 
the surface of water, it is perfectly transparent, but provided 
that the temperature of the space into which it is passing 
be sufficiently low, a part of that vapour may be very soon 
condensed, at any height above the surface, by the abstraction 
of heat from it. In the autumn, in those parts of the world 
where the nights are cold, vapour which rises from the suri’ace 
of comparatively warm water, in rivers or lakes, is condense<l 
at only a small distance from the »water, and it constitutes tluj 
mist or fog that is often seen, at that season of the year, over 
rivers and lakes, A stratum of this mist may be formed, of 
a eertja^ thickness, dependent on the warmth of the water, 
and the cbld^^of the atmosphere. But at the upper surface 
of this ^ of water that constitute tho mist 

may be re«;Converted into vapour by eyaporation, and tlnis a 
double going on at the same time, one at 
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the surface of the earth, and the other from the upper sui’face 
of the mist, anti the general result may be that additional 
vapour will be thrown into thQ higher parts of the atmosphere. 
This double process may sometimes be traced *as going on very 
near to the surface of the earth, where a thin stratum of mist 
is formed which is soon afterwards dissolved by evaporation 
and sent into the upper regions in a transparent state. Such 
a stratum, only a few inches in thickness, in level parts, con- 
stitutes the ‘‘Mirage” which is seen in many flat countries 
when the sun has much heated a moist surface. 

In higher parts of the atmosphere a second evaporation 
during the hotter p^t of ^ day is not an uncotnmon 

occurrence* greatly hiats the surface of 

moist land, any vi^ater that may be in the land is evaporated 
with energy,^ and the, vapour then produced, by its elasticity, 
ascends into the atmospheric space above* But it may there 
meet with cool air,' and' be in part condensed, and form 
incipient cloud. The sun, however, shining strongly through 
a clear sky above, now acts on the upper portion of this thin 
cloud, and frequently evaporates it, sending the vapour to a 
greater height; and this may take place successively at 
dillei’cnt heights in the atmosphere, as long as the sun retains 
suilic ient power to re-dissolve the incipient cloud soon after it 
is formed. Butin the tropical and temperate regions, when 
the air in the higher parts becomes fully saturated with 
vapour, whilst more contfnues rising from the si^face, cloud 
is accumulated until it becomes dense and dark. ’|'he sun, 
not being then able to dissolve the upper surface of the cloud, 
as last as fresh cloud forms below — the cloud increases in 
thickness and extent, constituting a stratum at a particular 
elevation. In a short time afterwarejs, but while the surface 
is still heated by the solar rays, little protuberances sm 
perceived on the upper edge of the stratum, like roun^ 
buttoiis, or little cones, which increase in size and at last 
j^row to hills of cloud. Now this growing is the result of a 
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process which is very important in atmospheric phenomena. 
It is a consequence of the condensation of vapour that is 
taking place within the -body of the cloud, heating the gases 
^ith which it is intermixed. And the gases, being thus 
heated, expand, — a portion of their weight is regnoved to 
adjoining parts, and they become lighter and are pressed up 
by the unheated gases that are below, and thus a chimney is 
formed in each of the swellings, up which the heated air 
ascends, taking vapour with it to be condensed in the higher 
regions, where it forms that beautiful object a Curriulous 
Cloud. Should the supply of vapour from below continue 
suffi^eptfy abundant, each of these cumuli may increase in 
su^Ud become a mountain of cloud," ibid ■u^nnmber of them 
bai% i^nded together they coniititute them soft andi fleecy, 
y^ sublime objecte,-«that i^ten appear in atramef end autumn 
as piled up mountains of vapour and cloud. 

These latter clouds are then formed, not merely by con- 
densation of vapour producing a mass of mist, but by the heat 
which is liberated in the condensation of the vapour making 
the atmospheric gases light in the locality, and causing them 
to ascend and take with them in their ascent the remaining 
vapqus and tbc mist with which they are intermixed. The 
local ascending current that is thus formed in the air is a new 
process, — ^and produces a ney form of cloudy and the name 
of Cumulus may be considered as designating that which is 
thus, forft^;. The Stratus may therefore be viewed as tlie 
produCj^jil dimple condensation of vapour, ^hich condensation 
has not materially disturbed the atmospheric gases, — whilst 
the Cumulus, is produced by those gases being sulliciently 
heate4:teV,C|f^e them to -be forced upwards in separate 
emn^in^ vapour in:^: btgber regions, 
there to bd by the cold behmgtug to the superior 

elevati<mtr^i;^*#l^ latter processes tosy edtitinuc as long 
as the sup power in emporating water on the 

surflice of l^o.^tll* • 
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As the power of the sun declines, the CuiAuli, — no longer 
fed with abundance of vapour from below, cease to grow; but 
their interior mass having been warmed by condensation may 
then float away to other, and it may be. to higher parts of the 
atmosphere. This is, in fact, a common eflect of the daily 
formation of cumuli. On the decline of the sun and the con- 
sequent cessation of a copious supply of vapour from below, 
the clouds cease to grow in size, but the mass being warmer, 
and therefore somewhat lighter than the adjoining clear air, 
the whole rises and frequently floats away like a balloon, to 
a distant part, soon, however, losing some of the sharpness 
of outline which distinguishes -freshly-formed cumuli, and 
showing A to njp into separate pi^ons. 

These 6^^ 

and they often eohtiiioe to float in fra^ents vflth rs^d 
edges, occasionally covering nearly thO"^ whole of the sky 
during the afternoon. 

Cumuli are often produced, as just described, in tl)p open 
atmospheric space, but they are still more frequently formed 
against the sides, or over the ridges, of mountains. The 
vapour that is daily produced from the sea by the sun, is, by 
any horizontal movement of the air, carried ovqr the surface 
■ of the earth ; — and should it encounter elevated land, is by 
its inertia forced to ascend the land, until it reach^ a height 
suflicient to cool and- condense some of it. The heat of 
condensation now causes the air to ascend still higher, and 
more vaponr flowing' in-»more is condensed, cumulf Sara then 
formed, and they frequently float over the sides or the tops of 
mountains, e^ahih^iig a ftraam of massive clouf^ extending 
to a great dista^hi'^in flie place of their forBiati(^'i<^ 
gradually, however, losing • their well-defined outlines, and 
becoming ragged aiid hlulcen 'ctimufi. 

But the higher parts ' of tbo‘ atmosphere have but little 
vapour, or are colUpiUriiflaifly'diy; when they have not keen 
rendered moist by cloud' tSVaporation ; the 'o<ttter'‘’pisMiottli Of 
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'aihuhed, the drier ift whidh it floats, and the 

more ehergetic the esrlTporation &oih it, until it is at last 
dissolved. Evaporation is however always a cooling process, 
and in the particular locality where it is taking place in the 
atmosphere, "it cools the gases that are present, when they 
become hearier and descend. The outer parts of the cloud 
being in drier air than the inner portions, are the soonest cooled 
by evapdration, and they descend sooner than the central part, 
within which evaporation may not indeed then have com- 
menced, owing to. the part being yet saturated with vapour. 
The result is, that the portions of the cloud which have been 
cooled sink and move away from the rest, and the whole mass 
is frequei^tly stretched out like a drawn fleece of cotton wool, 
presenting to the view those attenuated streams of white mist 
or thin cloud, called Mare’s tails, that are often seen extend- 
ing oyqr a large portion of the heavens, ^nd as the descent 
of one part of the cloud, that has been cooled and made 
heavier by evaporation, may force up another part, these 
mare’s tails may in their movements make various turns. 
Portions of the same mass appear sometimes to bo drawn 
in different directions, changing from their first course and 
moving in a second, according to the descents or ascents of 
the different parts. These mare’s tails show that the daily 
clouds which have been borne to the higher regions of tiic 
atmosphAe are dissolving, and that no fresh cloud is forming 
in the locality. 


When a stream of cumuli has covered the sky, it is some- 
times feen, particularly in 'the afternoon, that the w^hole of 
it cha^g^'frbm a continuous mass to a number of discs or 
patches, %ith intervening portions i|f the sky nearly trans- 
parent;— it been called a Mackerel sky, from the resem- 

blance of tbe pateb^ 'tp the marks on the mackerel. 
From the wuner change takes place, it is not 
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unlikely that feoiA 

surfaces of the doud coo^ ^ir^uis of the gases, ind these 
portions, then beena^g hitaner* da;^dedy^t«vihg the un- 
evaporated parts in detached ‘pat^h#?a^o#e tb^ ; and, the 
evaporation eontinniog from the remaining' portions, in due- 
time reduces their size and at last dissolves the whole* 

There are other occasional appearances in sb^'which 
indicate- the existence there of floating mist or incipient cloud. 
The sun is frequently dimmed* in such a way as can. he 
accounted for only on the supposition that varying qnlilllities 
of floating matter interpose between it and the surface of 
the earth; the moon is similarly aflected;at night, both the 
luminaries occasionally exhibiting striking appearances called 
halos round their discs. In the northeru polar regions these 
appearances are sometimes very striking; and the not un- 
frequent showers of ice crystals at the time, although no 
palpable cloud is to be seen in the sky, shows what is taking 
place. 

But in whatever part of the sky floating clouds dissolve, 
whether they are high or low, — whether they vanish as broken 
cumuli, — as mare’s tails, or as mackerel sky, — they leave tl^ 
aqueous matter of which they were constituted, as trans- 
parent vapour in that part of the atmosphere. At great ele- 
vations this vapour must be much diffused, or the cold of the 
part would condense it A small quantity, however, can exist 
n the a#iform state at great elevations, and when masses, 
fleeces, or patches, of cloud, have been dissolved by evapora- 
tion in elevated localities, the vapour may possibly remain 
there fur soi^e time. It must, therefore, be frequently found 
that in such partsf— fin a vertical column of fhe atmosphere, 
different strata at considerable heights wiU be mpre or less 
highly, though. nne^tHy chafed, vfilh vapdur. ' It is true 
that as soon as fttajilsparent vAp<H>f is thus formed, it bagms- lo 
diffuse itself through thft gatiwthal^ana presents by estj^- 
sive force; but the gases in-prq^i'lion to thi^ daniiliy oppose, 
2v ' 
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tem^nuEilj, a certain amount resistance or impediment to 
Aat division, and time is required to overcome tins resistance. 
iSre vapour may, dterefore, for some time e^st in the higher 
r^oBs of the atmosphere in unequal quantities, <me part 
havii^ it nearer to the point of saturation than another at the 
same height. 

It is perhaps necessary here to observe that when etapora- 
tion is spoken of by meteorologists, it is almost always that 
evaporation which takes place from the surface of the globe, 
that is to say, from either the sea or the land, as it is there that 
the sun is observed to act, especially when the sky is uncloiffl- 
ed. But it is evident that at each hour of the day the solar 
rays come, from the parts above the atmosphere, with the same 
power, whether the sky be clouded or clear. If no cloud 
intervenes, all the rays come to the surface of the earth and 
heat it, producing, where there is water, a certain amount of 
evaporation; but if one half or one fourth of them should 
be intercepted by cloud, only the other half or three-fourths 
of the rays can affect the surface. It is, however, evident 
that those rays which are intercepted in the upper regions 
jPQUSt stxike on the body that intercepts them, and when it is 
a mass of oloud, the upper surface of the cloud instead of the 
earth will be acted upon by the rays. Now when the whole 
m covered with dense cloud the greater part of the solar 
rays will be intercepted by it, and durmg the day evaporation 
Willlm moire active at the top of the cloud tbim oi^^e eartitf 
sndwqueous Kapoor will be sent into the nj^r hir to a greater 
enteht frdtn Ibe <han fr<»a the latter. And ris evapo- 
ttiftlim thw cloud must take place hoviWel 'l^l^or low the 

•loud Is&hijrbe, and the vapoor will expand kitd' tW adjoining 
a foree and rapidity prop^Ooied'-tia^e energy of 
surface of the Ibirm a kind of 

wifi iii 'that'^^tebdon in whu^ it enconnt> 

ers^thO tmA of the higher 
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regwp* of tho atmosphere may be irregularly supplied with 
vapoiur for some certoiu time, and different parts at the same 
elevation may be unequally saturated with it. .In the absence 
of the sun at night, or even when his ponee is declining, a 
reduction of temperature in the locality may condense some of 
this vapour, and form fresh cloud in a part of the atmosphere 
that had just before been clear, as the cirrus is often seen to 
form. It is, however, to be understood that vapour, produced 
from cloud at any height, 'though it may remain for a time 
entangled in the gases, will always have a tendency to descend 
and rest on the earth. It has weight, and notwithstanding 
its elasticity, must obey the law of gravitation, and descend, 
however slowly, towards the surface on which it finally has 
to rest. 

Through the operation of the processes that have been 
pointed out, we have, then, for a time, parts of the higher 
regions of the atmosphere, at equal altitiides, unequally satu- 
rated with vapour: and some of the vapour may, by the 
disturbances that frequently take place there, be forced up to 
a ftill higlinr region, until it is condensed by greater cold and 
forms fresh cloud, like the cirrus,' at great elevationsik Such 
cloud, howeverj must be extremely attenuated, and vefy liable 
to be again dissolved by evaporation. It must evidently exist 
in a highly diffused state,— may appear suddenly and pass 
away in the same manner, every time the cloud is formed 
the locality becoming warmer, and, as often as evaporation 
dissolves it, being made cooler. 

We may then cqnsid^ that clouds, from the manner in 
which they tM^aiotmed, may be divided into four kind^ eacb 
of which ipay ^ kpdwn from its appearance. First — tbe 
Stratus,— i7hlob '&. produced from 'mpour simply by cold, 
sometimes very a^r to the sur&ce of the earth, hut often at 
a consideraldo he%ht above it, when the particles of water 
that constitute the. eloudi.eil&er ifioat in the air, or descend so 
slowly as to appear etati^i^; A^d the whole of this cloud 
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may be, and; often is, dissolved by evaporation from its upper 
part ; oVt if the particles of water should be of utiequal 
siaei the larger may descend and impinge upon the smaller, 
and thus fall by their weight as slight rain. Secondly— the 
Gumulus. As this cloud is produced through condensation 
of vapour being so energetic at certain heights in the atmo- 
sphere, as to heat the gases and make them ascend, until they 
expand and cool more vapour, it is to be considered as formed 
by ascending gases rapidly cooling' the vapour that is within 
them, and often producing much rain. Thirdly — the broken 
Cumuli — mare’s tails and mackerel sky, which are only 
cumuli ' undergoing the process of dissipation, by unequal 
evaporation, on the completion of which process they dis- 
appear from view. 

These three kinds of cloud are more or less liable to be 
affected by wind. The stratus is soon swept away by even a 
moderate wind, and the cumulus, which requires an ascending 
current in the part, fed from below, to enable it to form, may 
be disturbed by a curreut above, and may even have its upper 
portion cut off by evaporation in dry air in the up||||r regic4ls, 
into wh^h at the time it may be protruding : whilst the broken 
cumuli%re often carried away to a bonsiderable distance by 
winds of some briskness. The mare’s tails and mackerel sky 
require slight and unequal movements of the air to produce 
them, and therefore they cannot exist in strong winds. The 
fourth kind of clouds — the Cirri — seem to be too lofty to be ^ 
affected by any movement that takes place near the surface 
of the eartb. 

.la addition to these, cloudy masses may be produced by 
tlie of winds. When a ciarrent of air. is flowing, the 

friclsoi|vof tha lower part on the over wfak^^ it is 

passing imj^edes the progress of that j^ri^ air that 

is above moves onward freely. The higher and unimpeded 
air'climbs over that until the 

former may at last attain a height that will condense some of 
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the vapour that it containsi and form a broken mass of driving 
mist or cloud. One current of air may also pass under another 
and force it up until some of the vapour that is in the tipper 
mass is condensed, but the clouds f<u*med in this way have 
generally no definite* shape, being commonly broken up by 
the irregular movements of the air. . . 

We have seen that vapour may be taken by warmed, air to 
the higher regions of the atmosphere, and left there in an 
invisible state ; and it is not to be told \vbat is the limit or 
height to which it may be carried. Cirri have been seen 
above the height of the lofty tropical mountains, and there- 
fore may be considlered to reach say 10,000 yards from the 
surface of the earth. But at this distance from it. the tempe- 
rature of clear and undisturbed air must be very low, say 
100^ below that at the surface: and should vapour in some 
locality be borne to that height, or near to it, and there 
condensed into cloud, the liquid particles of the cloud would 
soon be converted into snow. Now both of these processes, 
of condensation and congelation, heat the gases that are pre- 
sent, and cause them to be forced to a still greater elevation. 
And it is probable that such processes carry vapour and cloud 
to the greatest heights at which the cirri have been seen. It 
is not easy to conceive that any other means exist than those 
that have been pointed out, to produce cloud at such great 
elevations. The gases sink 1° in temperature for every KJO 
yards in height, and they, by their superior cold, conefense 
the greater part of the vapour which they contain, as it rises 
from the surface, and coni^equently they prevent much of it 
from attaining, by its own expansion, so great an ekwation as 
that of which we are speaking. It must, therefore, be carried 
np by successive condensations and evaporations, •^and even 
to exist there: it must be greatly rarefied» 4nd much diffused 
through the gases. But this vapour could not be 

condensed into cloud, e^pp#d to an intense cold. The 
precise way in which this eaW be accomplished may not be 
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to a 'still h%her r^oo. 

Botii condeosatioii and om^^lation must, in different lati< 
tudes, be frequently emyittg vapour into the middle and higher 
r^ions of the atmosphere, whilst evaporation of clouds causes 
them to sink to lower levels thus producing both ascending 
and descending masses of air. And a cooled descending 
mass may force up ‘an adjoining warm and transparent mass, 
whilst the cold of the elevation may condense some of the 
vapour that the latter mass contains. These ascents and de- 
scents of masses of air may, at any time, produce or dissipate 
cloud in the higher part of the heavens.' A clear part may 
suddenly become cloudy by the condensation of vapour conse- 
quent <m a recent elevation, and a cloudy part may be made 
clear through the superior warmth due to a lower part into 
which it may have been forced, and these changes may take 
place when no material disturbfmc^ is found in >the lower 
regj.OBs. Our knowledge of the derangements that occur in 
elevated parts, particularly in warm latitudes, is not sufficiently 
minute to enable us to classify and name the different clouds 
that are thus produced. They present themselves so suddenly 
to our view, — intermix and blend together to such various and 
indefinite extents, and vanish in such different times, as to 
make it inexpedient, in the present state of our knowledge, to 
attempt to classify them. At present it may be sufficient to 
call diem by the general name of Cirri, they brang presumed 
toibe refults of condensation of vapour which had been sent 
into tbe higbra ref^ons of the atmosphere by cloud evapora- 
tion. As tott ittfortnation of what takes place in the higher 
r^oQs increases, we may possibly become better able to 
account ibr the ebanges that occur there, ~to classify the 
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elevAted doOdt, ai)^ tO iMlMr rtferenee to Aeir 

ot^, or their peiniiliiUf «lrte| then 

it is better to confer th ti^ to rabdiride 

and derig^ete withdai hiv^jf a tiilieiant knowledge of the 
subject. ■ i ' 

We may then consider die sttitai to he formed by simple 
condensation, --the cumulons through the ascent of heated air, 
and the mare’s tails and mackerel sky by unequal coding of 
floating clouds,— these designations characterising, them when 
they are distinct, whilst the lofty clouds that appear and dis* 
appear in the higher parts of the sky without any apparent 
cause may be presumed to be the products of vapour that 
had been previously borne by floating clouds into elevated 
regions. 
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On Climate. 

The word “ Climate” is used to express the state of a part 
of the atmospheric space principallj in relation to heat and 
moisture. Thus we say a hot or a cold climate, — a dry or a 
moist climate; — and this form of expression has important 
relation not only to man and other animals, but to the whole 
of the vegetable world which sustains the animals. The term, 
however, though very useful, and highly expressive, has not a 
precise and definite meaning, and perhaps the subject does 
not admit of the use of a word having a limited and well- 
definedisignification. Adopting it therefbre in its general and 
compr^ensive sense, it is proposed in this essay to notice 
some of the varieties of climate that are found in different 
parts of the world ; •principally with a view to* connect them 
with their causes. 

The unequal iMuences of the sun on the different parts of 
the earth’s surface are undoubtedly the general primary causes 
of all the differences of climate that are experienced 5 — Wt 
operate \tv verioua ways*, and if we are to 
the particular causes that deietmine the climate of 
part, we must endeavour to ascertain the form and 
manner in which the influences act. ' Solar heat acts directly 
on of the surface of the globe> but it warms 

them i^y uneqaail)[, and the warmth thus produced is some-* 
times, earned to mechanical agency of air 

and water,--«Aiit is tb;i9>ayi by winds and oceanic ciiihrents. 
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But the same solar heat acts also indirectly in producing 
climate^ through chemical union with water ; — and this cause 
of climate^ though felt and popularly acknowledged, has 
not been explained as fully as the more direct cause. In 
this Essay it is proposed to advert to various forms and 
inodes in which heat affects and determines climate on the 
different parts of the surface of the globe, indirectly as well 
as directly. 

When the sun is over the equator, its rays descend there 
vertically on the surface of the globe, but they deviate from 
the vertical direction and fall obliquely on parts distant 
from the equator, and more obliquely in proportion to that 
distance, until the poles -are reached, where the effect pro- 
duced is the least. More heat is therefore furnished, to a 
given extent of surface, within the tropics where the sun is 
vertical, than to any other part, the other parts, north and 
south, receiving less in proportion to their distances. This, 
as is well understood, is the first great cause of the different 
climates that are found in different latitudes. 

Where water covers the surface of the globe, as in the great 
oceans, the surface of that water is level, and the influence of 
t]}e solar rays on it is strictly according to latitude ; — but the 
laud is not level, as some parts of it project much more than 
others : and this ])roducos, with relation to the sun, difference 
of aspect. Tn the part of the world in which we live, it is 
well known that a southern aspect is warmer than a northern, 
because the rise of land towards the north presents a face to 
the sun which then receives more rays than it would have 
received without that rise. From this cause the southern* 
slopes of the Alps, the Pyrenees, and other mountains in 
the northern hemisphere, have a climate warmer than the 
northern slopes. Thg degree of effect, therefore, produced 
by the direct action of the solar rays on the different portions 
of the surface of the earth, although determined principally 
by latitude, is modified by the aspect of the part. 
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influences are found in operation wMch 
fvirtlier mb^dify tkese direct dauses. In > some parts of the 
world, the surface of the earth, during considerable portions 
of the year, is screened from the solar rays by a thick covering 
of clouds which intercepts the heat in its passage to the earth. 
In the cloudless deserts of Persia, Arabia, and Beloochistan 
the temperature of the air is raised by the sun to 120° or more, 
making the climate both hot and dry ; whilst in Hindoostan, 
in a more southern latitude, it seldom rises higher than about 
90°, because the latter country is covered by . a. canopy of 
• clouds, whilst the former countries have clear skies. A great 
difference of climate, arising from these causes, is found in 
many parts of the world that are equal in latitude. 

Difference of climate, also, arises from difference of the 
material at the surface on which the sun lias to act. Dry 
land absorbs heat and enables it to accumulate, until the 
temperature of the ground is raised to a great height. But 
water does not permit the solar rays so readily to raise its 
temperature: heat, too, readily enters into chemical union 
with a part of the water, and when thus united they generally 
pass away to a distant part in the form of vapour. Tlic 
temperature of the air over the sea, therefore, docs not rise 
so high as it does frequently over dry land; the climate over 
the ocean is consequently often found to be cooler than over 
land in the same latitude, especially when the land is dry : — 
where it is moist it may approach* to the sea climate. In 
all such cases, however, as those mentioned, the beat that 
^affects the part may be readily seen to be derived directly and 
immediately from the sun. 

But climate is also affected by beat furnished primarily to 
one part of the globe, and subsequently conveyed to another 
by the movement of a body receiving ^it. Thus air that has 
been heated .within or near to the tropics, may pass to higher 
latitudes,' carrying with it its tropical temperature. Or it 
may pass from a cold to a warm latitude, and take with it 
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aft approximation to the low tcanperAturo ol the part when^^^^^^^ 
it came. This is familiarly known to us by the way in whick V 
north or south winds affect our climate^ particularly in the 
winter, when the northern hemisphere is cold. A body of 
water, also, whicli has been warmed in the tropics, may take 
its heat to a cold latitude, as is the case with the gulf stream 
that passes along the eastern coast of North America or 
after being exposed to the cold of latitudes far from the 
tropics, as on the west coast of South America, it may take 
a low temperature to the equator. These last-named influ- 
ences, although they probably affect climate less than has 
been supposed, must undoubtedly produce some effect upon 
it. Tlicse causes of climate, as they operate directly and 
palpably in the production of their various effects, have 
been generally recognised, although their different degrees 
of influence may not have been correctly ascertained. 

Another and a very important cause of the different cli- 
mates that are found in many parts of the world, is the 
conveyance of latent heat by vapour from the part where 
evaporation of water takes place, to the part where the heat 
is set at liberty by the condensation of the vapour. This 
cause of climate, — if it has not been entirely overlooked, has 
certainly not had the importance given to it that it deserves. 

Ill all parts of tlie w'orld, particularly those where the atrao- 
s])bere is dry, heat takes up water from moist surfaces by 
chcniically uniting with it, and the chemical union makes the 
heat latent and thereby lowers the temperature where that 
union takes place. This is, no doubt, a cause of th^ delightful 
climate that is found on various parts of the tropical oceans, 
particularly near the commencement of the great tropical 
trade winds. The atmosphere in those localities being under- 
charged with moisture, the solar heat that reaches the surface 
is, to a considerable extent, chemically united with -some of 
the water of the ocean, and the climate is thus rendered cool 
for the latitude. The same kind of effect is produced by a 
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dry vrttid thAt blows over a country that has been moistened 
by ‘rAin|-^and many countries are indebted to the cooling 
influence of evaporation for the kind of climate they possess* 
‘ For; evaporation takes place, not only from water and moist 
ground, but also to a large extent from the surfaces of vege- 
tables; and wherever it occurs, the air is proportionately cooled 
by it, heat being then absorbed by water and made latent. 

But it is from condensation of the vapour thus taken up 
that the greatest effect is produced on climate by vapour. 
Evaporation is almost constantly in operation from the whole 
surface of the. ocean, and from a great part of the land, and 
its cooling effects are therefore extensively, though unequally, 
diffused. But the vapour that is produced by evaporation 
is borne largely, and, it may be said, principally, to certain 
localities of comparatively small extent, and there con- 
densed: — and the heat that had been taken up from very 
extensive surfaces is given out in these particular localities, 
and it warms them. Now the heat thus conveyed may he, 
and frequently is, borne from a warm to a cool latitude, and 
the locality, which would otherwise have had a cool climate, 
is thereby made warm. 

So far we have spoken of the warmth of the surfaces of 
the globe, and the part of the atmosphere that is near to it. 
But the temperature of the atmosphere is influenced by the 
unequal pressure that exists in it at different heights, tem- 
perature diminishing in proportion to the height above the 
general level of the sea. At a height of 100 yards above that 
level the air is, on an average, say P colder than it is at the 
surface, in consequence of having to sustain the pressure of a 
shorter incumbent column of air; and from the same cause it 
is colder for every additional 100 yards of height. Now 
air, when charged with vapour, is liable to be mechanically 
forced to ascend ihountains, until it attains a height sufficient 
to produce a temper^ure low’ enough to cause a copious 
condensation pf vapotiir^ a liberation of heat, and a consequent 
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warming of the locality. The climates of mountainous regions 
may, therefore, to a consid^able extent, be determined by 
condensation of vapour. 

Supposing the air to be saturated, the amount of conden* 
sation will depend on the height to wfiich the air is taken, 
and the climate will be the most altered, from ibis causOf 
at considerable heights; yet even at moderate elevations a 
certain amount of heating may be effected. But whenever 
condensation of vapour takes place, however near to or far 
from the surface, the air in the part will be warn[m||||md the 
climate proportionately altered by it. Now thereim extent 
sive countries where rain falls, in great abundance during a 
considerable part of the year, and where, consequently, much 
condensation of vapour must have taken place to produce 
the rain. In latitudes that are generally cool, it is seen 
that such condensation warms the part, and determines the 
climate ; such are the western parts of Europe, and of North 
America. In these parts a winter climate, which is warm 
for rile latitude, is evidently produced by condensation of 
vapour. The air -which passes over either the Northern 
Atlantic, or the Northern Pacific Ocean, takes vapour to the 
parts luuned, which is condensed against the elevated lands 
wliich are there encountered, — ^hence the warm winter cli- 
mates of these countries. Cape Horn, — the western parts of 
Tiorra del Fnego, and many other countries have their winter 
climates made comparatively warm by the same cause. 

The isothermal lines, in the northern hemisphere, as 
bited on Dove’s Charts, are very irregular, the freezing points 
in the winter, df the inland parts of both the old and new 
Contiaents, being found below the latitudes of 40"^,* whereas, 
over the Atlantic and Arctic Oceans it is carried so high as 
about 70® of latitude. And for this extraordinary difference 
no adequate cause can be discovered, but in the copious 
condensation of vapour that is known to take place in the 
latter part. Off Norway, Jn the latitude of 70®, the average 
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d^gprises of latifiide, it, is'd^^t 60* colder j the former pTacfe 
hfiihg distingui^ed fot ^'larip amOunt of condensation that 
takes place at the time,' aM‘ the latter for its absence. 

There is . another (^se -wbiich has a considerable influrace 
on climate. It has been 'shown that in tropical latitu^s, 
where the sky is clear during the day, die radiated solar rays 
heat the dry ground until it is raised to a very high tem- 
perature. But the sun . is not the only body that radiates 
heat: d||||he contrary, aH' bodies radiate it more or less, 
accordi^^o their temperatures ; and from dry deserts that 
have been greatly heated *by the sun in the day,- lieat is freely 
radiated during the night,— -hence in such countries the tem- 
perature is high in the day and low in the night. On the 
16th June, Burnes says, that “ in the desert of Bokhara the 
thermometer was found to be so high as 103° in the day, 
whilst it sank to 60° in the night.”’ But in the same latitude, 
where the sky is covered with thick clouds, there is but little 
difference between the day aijd the- night temperature. ♦ The 
climates of different parts in tlje same latitude are therefore, 
from the different effect. of radiation of heat from the earth’s 
surface, materially different. In our own country, we know 
that a clear sky in the night, particularly in the winter, 
produces a very different totnperature to a cloudy one. When 
it has been very clear, a thermometer in the air has been 
found in the night to sink.^eatly below the day temperature, 
whilst on a cloudy night %ut little difference is observed. In 
certain -countries we haveirespectively, each of these states of 
the sky permanent for a season, and the cbnsequence is an 
important modification of'the climate from this cause alone. 

• But when clouds durii^ the day prevlUt the rays of the sun 
from reaching the earth,- and thus leave the land cooler than 
it would be if exposed to their full influence, we arc not to 
suppose that these rays qrroduCe no effect. Those which do 
not reach the earth act upmi the upper surface of the cloud, 
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surface of the cloud projiteea of effect that 

it does at the surface of the earth. .. 1 d< converting the particles 
of liquid water into vapour it aheoi^bs; the solar heat^ which 
h^ remains in the vapour ifl : a l^ent state, ready to be 
llWated whenever condensation occur .v this may be in 
the same locality, or it. may be in-fmy distant part to which 
wind may convey the vapour. 

It has been already shewn that lhe slope or aspect of land 
has an influence on climate ; — aiid also that the temperature 
of air is affected by the reduced incumbent pressure to which 
it is subjected at certain .heights^ But there are certain places 
among mountains which have particular climates, apparently 
not to be accounted for from the operation of either of those 
causes, nor from both combined together. In Switzerland, 
particularly in the Valais during the summer, heat actf as 
powerfully on vegetation as it does in warmer latitudes with 
lower levels It may indeed be supposed^ that in that narrow 
valley, the. heat is reflected from rocks on the one side to rocks 
on tlie other, and is thus accumulated, until the temperature 
is varied to th§ great heiglit which it afterwards attains. 
Admitting this, the warm, summer climate of the Valais may 
bo attributed to aspect. But among the Himalaya Mountains 
wc are told that there are broad vallies, — almost plains, -^at 
an elevation that should make them very cold, from their 
height alone, — that in fact should, from their elevation, leave 
them in a freezing state: yet at these heights the climate is 
sufficiently warm in the summer to ripen grain. *And it 
appears also, that this warm summer climate cannot in certain 
parts be attributed to copious ;Condensation of vapour, as lofty 
intervening mountains prevent much vapour arriving there 
from lower levels. Now to what cause .can we attribute the 
superior warmth found here? ; The facts which are now in 
course of being furnished respecting this part*of the world, 
will probably show the danger of premature generalisations, 
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may have been adopted from the' evidence of partial facta. 
ji?:^Miteorol6gi3ts say, that at tbe^ sea levels where the pressure 
of the atmosphere equal tp nearly SO inches of mercury, its 
general temperature at the surface is about 80^ at the equs^^, 
becoming less towards the polar regions j and, that this WB-' 
perature diminishes on an average in the upper parts of the 
atmosphere, through reduction of incumbent pressure, 1® for 
every 100 yards of height. From this, it would follow, that 
even at the equator, at the heiglit of • 4}800 yards, in an 
atmosphere undisturbed by condensation of vapour, the tern-, 
perature cannot be higher than S2 ^ — the freezing point. 
But this we are told* by travellers is greatly at variance with 
ascertained facts, and we have to find out the cause of these 
extraordinary facts. 

ft is considered to be proved that over the sea where the 
temperature is 80®, in a vertical column of an undisturbed 
atmosphere, the freezing point will he readied at a height of 
4^800 yards. But arc we therefore at liberty to conclude 
that the air over land, which land is itself 4,800 yards high, 
must he as cold as the air over the sea at the same height ? 
The temperature of 80® is found in air over the sea near the 
surface, because the sun acts on the surface of the sea with 
suificieftt force to raise the temperature of the air to that 
height. But the sun may be equally capable of heating the 
surface of land which is 4,800 yards high. All that appears 
necessary to produce such a heating is, that a broad surface of 


the land should be presented to the solar rays with a suitable 
aspect. For it is to be observed, that it is principally the 
aurfkce^ of the globe that is heated by the sun, and that heat, 
•whatever may be its degree, is communicated from the surface 
to the atmosphere which rests upon it. But there is no 
reason that the lower part of an atmosphere, if the land on 
which it rests is exposed to the full influence of the solar rays 
equal to only 15 inches of mercury, should not he heated as 
high as one equal in weight to 30 inches. Both airs might 
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be in contact witli fatter raiaed to the 

temperature^ and might be equall; well heated. 

But would the lighter and warmer air» at a height of 4^800 
yards/ when so heated in a par^cular part, remain within the 
locality ? or would it rapidly change places with the colder air 
o^r the sea that was at the same elevation as itself? This, it 
appears, would to a certain extent depend on local peculiarities 
of the part. Were the elevated land a cone^ the air around the 
cone, as it became heated, would no doubt be freely pressed up 
by the colder air that existed at a distance at the same level, and 
in this way the land would be presented with continued supplies 
of cold air, to be successively heated, which would prevent any 
portion of it from being raised to the high temperature of 80®, 
or probably to any temperature near to that degree. But sup- 
pose the elevated land to be an extensive plain, or, if necessary, 
a valley or basin, and then it will be perceived that the dis- 
tant cool air, at the same height, could not, with equal facility, 
force up the warm air from the interior of this basin, and'take 
its place. So much time might be required to effect the sub- 
stitution of the cool for the warm air, as to enable the central 
portion of the elevated land to heat the mass of air which rested 
on it to a temperature approximating to that of the land itself. 
Now may not the elevated land alluded to among the Himalaya 
Mountains be similarly circumstanced (p that whiqh has been 
imagined ? It appears to be a kind of tabje land, or flat valley, 
almost surrounded by mountains, where the sun, when nearly 
vertical, acts with much power on the ground, and greatly heats 
both it and the air resting upon it. And the heated air being 
protected by Intervening ridges of mountains, from the action 
of cold air at a distance, may be raised to a temperature suflSi- 
ciently high to give a very warm climate to the part, considering 
its latitude and elevation. There may be, and probably are, 
many other parts of the world affected by similar circum- 
stances, to a less or* greater extent, that h^ve their climates 
modified ^accordingly . 

2 Y 
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On Daily Changes of Electric Tension in the 


In the volume of the British Associatio-n for the Advance- 
ment of Science for the year 1849, there is a Report by 
Mr. W. R..Birt, “On the Discussion of the Electrical Obser- 
vations made at Kew in the years 1845, 1846, and 1847, 
including others on the same subject made at Greenwich 
and, from the way in which the Report is given to the world, 
it may be taken as an authorised discussion of the observations 
made at those public establishments for the period named, 
having a certain amount of official sanction. Viewed in this 
way, the Report has greater importance than would be attached 
to it as the production of an individual, and more particularly 
requires an examination of any yrors or defects that may be 
found to pervade it. 

Throughout the whole of .the laborious investigation of 
Mr. Birt, it appear? to be assumed that the air has some 
amount of electrical tension, the force of which varies from 
time to time in an irregular way; and the object of tlie 
inquirer is to ascertain what is the cause of this variation. 
It is also assOmed that separate electric tension of aqueous 
vapour modifies that of the air ; and, in the latter part, cloud 
and rain are supposed to furnish other tensions which may 
modify the rest, and contribute towards the general results as 
found in the registrations. But in the whole of the examina* 
tions and discussions, no notice is taken of the great disturb- 
ances that are caused in ike atmosphere by the processes of 
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evaporation of water and condensation of vapour. The obser- 
vations were in all 10,526^ during the three yearsj of which 
10^176 were. positive, and 324f negative, in addition to 26 not 
embraced in the discussion* 

The writer does not profess to have arrived at any conclusions 
respecting the causes of the changes in the electric tension of 
the atmosphere, although he directs attention to what he sup- 
poses may be the causes. He particularly examines the daily 
changes which are stated to depend on, or are connected 
with the rotation of the earth on its axis.” This seems to 
point at some general influence, rather than to a disturbance 
arising from causes which have a local origin, and a limited 
range of operation for the time. 

The diurnal observations were made with Henley’s electro- 
meter, and were twelve in number, made at the even hours, 
as given in the following table, which exhibits the times of 
observation, the number made in each period, and the mean 
two-hourly tensions found for the whole three years: — 

Houia 12 pm. 2a.m, 4a.m, 6a.m. 8a.m. 10a.m. 12 a.m, 2p.m. 4p.ra. 6p.m. 8p.m. 10p.m. 

Humber... 655 748 804 666 1,047 1,013 848 858 878 874 878 1,00/ 

Tension... 22.6 20.1 20,6 34.2 68.2 88.1 75.4 71.5 69.1 84.8 102.4 104* 

« 

It will be observed from this table, that from 4 a.m. the 
commencement of the meteorological day, the electric tension 
rises from 20.5, until, at 10 a.m., it reaches 88.1. It then 
begins to fall, and continues falling until four in the afternoon, 
by which time it declines to 69. 1. From four in the afternoon 
it commences a second rise, and by ten at night reaches the 
great height of 104. A second. fall now begins, and the 
descent to midnight is very abrupt, it goes down to 22.6, 
and at four in the morning is again at 20.5. This table 
shows the mean diurnal fluctuations of the electric tension 
for three years; but there is a considerable difference in it 
in winter, as compared with summer; this however need not 
be adverted to at present. * 

^ Sqo of eleotrio ieaiioa'at tlie bottom of Plato 4. 
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Wbe are Ihen separated by Mr. Birt into two 

inade in weather^ when 
other including the High tensions, 
ilB beiilg tW-dividihg point. Monthly, and other tensions^ 
Use also given and discussed, the object being to classify the 
observationB in various ways, in order, if possible, to find out 
the cause of the :ftuctuation of the tension. But it will be 
enough for us at present to observe the table which exhibits 
the means of the three years. 

The writer of the Report endeavours to show that there is 
a connection between electric tension and temperature; but 
although he traces occasional approximations, he confesses 
that the two do not march harmoniously together;* and he 
therefore considers the facts as failing to furnish evidence of 
the two having the relation of cause and effect. Admitting 
this, however, there may still be a connection between the 
changes that take place in the amounts of caloric matter and 
of electric tension. 

The daily change of temperature which ordinarily takes 
place in the air near the surface of the earth, may be seen in 
a curve, which is taken from the Makerstoun observations,* 
containing one rise from 4 a.m. up to about I p.m., and one 
fall from that time to the next, 4 a.m. ; whilst the curve of 
electric tension formed from the table that has been given, 
shows a double fluctuation, having two risings and two failings 
in the twenty-four hours; in this peculiarity resembling the 
daily fluctuations of the barometer. The last-named instru- 
ment measuring Atmospheric pressure, as shown in another 
typical curve, rises from four until ten in the morning, during 
which time electric tension also rises; leaving us at liberty to 
* suppose that both are in some way influenced by a common 
causer at;the sAme period temperature also rises, as may be 
seen in the curvO showing the daily movement of temperdtture. 
But it will be perceived that after ten o^cIock in the day. 
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temperature continues to rise till one o’clock, whilst the baro- 
meter *and electric tension both decline. Temperature now 
ceases 4o move with 0leetri« tension pressure, 

and nmrebes in till 

four in l|e aftei^oii, alt tlio t mote together and 

decline ; but at four, wbilsl temperature crnidnues to fatl^ 
both atmospheric pressure and electric 'tension begin to rise; 
again showing, that whilst temperature continues to move in 
the same direction, electric tension and atmospheric pressure 
reverse their movements. And the curve of temperature 
continues to decline until ten dtt night, during which time tho 
dlher two curves rise. It appears, therefore, we have no 
reason to suppose that temperature near the surface of the 
earth is the cause of the alteration that takes place in electric 
tension, as the two sometimes move together, and at other 
times in opposite directions. But are we, from this fact, at 
liberty to conclude that no connection exists between heat 
and electricity? 

Before attempting to answer this question, it is desirable 
that some changes should be noticed that are known to 
take place during the two-hourly periods under copfidera- 
tion. When the rising sun, by furnishing additional heat, 
gives increased energy to evaporation of water, more aqueous 
vapour is produced near the surface of the earth; and the 
heat required to convert water into vapour is thereby changed 
from an active to a latent state, whilst the tension of electricity 
increases. Now, if we can fcr a moment suppose that the 
absorption of heat by vapour at the time of its formation, is 
accompanied by a liberation of electricity from the water that 
was converted into vapour, it may account for the increase 
of electric tension that then takes place. But this increase 
would be, not a consequence of the rise of temperature which 
occurred at the same time, but a result of the chemical change 
tliat had been effected in the state of the water when it was 
converted from a liquid to an aeriform substance. 
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Evaporation of water from the surface of the earth increases 
up to ten o’clock in the morning; and we have seen that 
electric tension also increases during the same time, apparently 
as a consequence of the conversion of water into vapour ; but 
after ten, though evaporation from the surface continues and 
further increases, electric tension^ not only ceases to increase, 
but declines. Now what can be the cause of this decline, while 
both evaporation and temperature are on the increase ? 

Up to ten o’clock we have supposed that the vapour which 
was raised from the surface of the earth, in its formation 
absorbed heat, and also discharged into the atmosphere a 
certain amount of electricity, which was seen in the increasdii 
tension of that substance. But at ten, the vapour which had 
been evaporated from the surface is, to a considerable extent, 
known to be condensed in the upper part of the atmosphere ; 
this process continuing in that part until four o’clock in the 
afternoon. And as we suppose that evaporation may have 
liberated electricity and increased electric tension in the 
morning, so condensation must be presumed to absorb elec- 
tricity and reduce its tension in the day. The conclusion, 
then, ^bat we arrive at is, that a chemical change takes place 
when the solar heat in the morning converts water into vapour, 
which sets electricity free and increases its tension in the open 
atmospheric space; and that another chemical change of an 
opposite character occurs at and after ten in the morning, 
when that' vapour is condensed in the high and cold regions of 
the air ; and this latter change Absorbs electricity and reduces 
its tension. The movements of atmospheric pressure accord 
with this view of what takes place after. ten in the morning; 
the diminhtion of pressure that then begins, being a conse- 
. quei^e of the liberated heat raising the temperature of the 
atmospbe^ column. Thus we see, that heat or caloric may 
be looked upon as the prime active cause both of the fluctua- 
tion of atmospheric pressure and of electric tension, the sun 
being the source from whence that heat is derived. 
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From four in the afternoon until ten at nighty is a very 
interesting period in relation the subject of our inquiry. 
During this timoi electric tension increases and the barometer 
rises ; the two now move together in their rise^ as they had 
done just before in their fall ; leaving us at liberty to conclude 
that they may have been affected by a common cause. And 
as we presumed that evaporation from the surface of the earth 
may have set electricity free in the morning, from four to ten, 
and increased its tension, so from four to ten in the evening, 
as the same process of evaporation is known to be taking place 
in the higher regions of the atmosphere, the same results are 
found : as evaporation of cloud proceeds, heat is absorbed by 
vapour and made latent in the locality ; electricity is set free, 
and its tension increased. It is unnecessary here to give 
further evidence of this process, as it has been sufficiently 
shown that cloud is formed by condensation in the middle 
of the day, and dissolved by evaporation in the afternoon, 
between four and ten ; and we may infer thkt the cloud 
formation in some way reduced electric tension, and the 
dissolution of the cloud by evaporation increased it. 

At ten o’clock at night, the evening increase of electricity 
has reached its highest point, and it is at this time that the 
globules of water that had been left floating in the air in the 
form of cloud, from four o’clock, had been fully converted 
into invisible vapour, and had taken up a large amount of 
heat and made it latent. This is fehown to have occurred by 
tlie cooling of the air and the increase of atmospheric pressure 
up to ten o’clock, both of these moving in harmony with 
the alteration of electric tension. But all these facts, while 
they indicate thafeheat and electricity act and re-act on each 
other, do not countenance the idea that temperature moves 
in accordance with electric tension. The temperature of the 
air that is measured by a thermometer is produced by an 
accumulation of free h^at, which has comparatively little 
cilbet in disturbing the electrical equilibrium. W e are not. 
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however, at liberty to suppose that even this movement of heat 
has no effect on electricity, the probability being that these 
two imponderable substaKes always display their ant^onism 
; to lome extend and net and reject on each other. But it is 
' ^ 4^ ; in large ^oratiUMf # in stroma of 

ha othml hodjei^ that they idoleiiBy ^stiirV^aeih o^ir. 

The facte Btat have been dteted fmrnisli leaamr.to iilfter that 
the diurnal fluctuations of electric tension in ow atmosphere 
are results, not of simple changes of. temperature, nor of the 
presence of less or more vapour, nor of clouds, rain, or hail, 
as such, but of the diurnal alterations that take place in tlie 
electric state of the chemical substance water, caused by solar 
heat vaporising the liquid in t^e morning; then by the cold 
air in the higher part of the atmosphere condensing the vapour, 
and forming globules of water from ten in the morning till 
four in the afternoon; and afterwards by those globules of 
water being again changed into vapour from four in the 
afternoon until ten at night, when cloud is dissolved by 
evaporation. These three separate processes, it is conceived, 
account for the three movements of electric tension which 


occur from four in the morning until ten at night, at which 
hour the liberated electricity shows a high tension. After 
this time, solar influence being absent, electc|tity seems to 
diflhse itself rapidly, and establishes a new equilibrium in 
accord^ce with the colder state of the atmosphere. 

It is not, however, here maintained that the view exhibited 
of the causes of the fluctuations of electric tension is proved to 
be correct; but it presents knowi^acts so much in harmony 
with each other, and with the hypothe^. suggested, as to 
make it desirable that in future investigations and discussions 
of the' stihjjeeti care should be taken to ascertain whether the 
facte which are observed accord witiii the hypothesis. 
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On Eettarehei in Mitimldgy, 

‘ ' ' '■ ■ .v - » . il ‘t -I'-v /- ' % 

A trade wind, such as is found to hW met thd oiieidi in 
many parts of the world, may in some respects be compared 
with a river which has its origin on high land, its course 
through a low country, and its termination in the ocean. 
The wind is found to commence in a certain locality, pro- 
bably descending from higher regions like a mountain spring, 
not, however, fixed to a particular place like the spring, but 
changing according to the movement of the sun, the great, 
though frequently the remote cause of all movements%f the 
air. The wind then proceeds along a kind of channel in the 
atmosphere towards the place of its termination, and through- 
out its course is more .or less exposed to observation’ and 
examination by the meteorological inquirer. There is reason 
to believe that in the commencement of the course it will, on 
due inquiry, be found charged with only a moderate portion 
of that important constituent of the atmosphere, aqueous 
vapour, and will therefore be dry, — or the dew-point within 
it will be considerably below the temperature. But as it 
proceeds forward, ptilsing over the surface of the ocean, it 
will take up an additional supply of vapour from the water, 
until it approaches the point of saturation ; and an examina- 
tion of the wind in the difierent parts of its course will enable 
us to ascertain how much vapour has been taken up in its 
passage, as well as the part from which it was obtained. 

But if the wind proceeds from a cool to a warm latitude, 
the difference between the dew-point and the temperature, 
instead of decreasing may increase, — through a rise of the 
temperature which will more than counterbalance the supply 
2 z 
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of vapour that has been received during the time; and the 
extent of this increase of dryness will depend on the rapidity 
with, which the aerial current flows. The north-east trade 
wind of the Atlantic Ocean, one of the great trade winds, 
may he described as starting from the Canary Islands, and 
in that locality it is a dry wind : the difference between the 
temperatdre arid the dew-point being there found to be fre- 


quently from 15 to 20 degrees. Colonel Sabine ascertained 
tiiat’wfien the wind came from the land in this part the dew- 
r fenapetai^ Ac air was 6!6s 

^'coverei/ Ae t^emo- 
uietbr tose ^rom 64*°, the height at which it stood at Teheriffe, 
td 7t® at" Cumana and as the dew-poiiit at the latter place 
is frequ'i^ntly above 70®, and in the neighTbourhood often 
approaches SO^— evaporation from the surface of the ocean 
must, presume, send vapour enough into the atmosphere 


to raite the dew-point say about 20®. Now a proper registra- 
tion of the dew-point^ or, as attended with less trouble, of the 
wgt arid the dry bulb thermometers, along the line of this wind 
between the two places, would present to our view important 
evidence of the supply of vapour that is furnished by the water 
of the ocean, and’ ^hich is borne by the trade wind to the area 
of its condehsatfon, the elevated land of 4^merica. 

In lihe manner, the hygrometncal state of the air might 
be registered in’ the south-east wind of the Southern Atlantic 
Oceatf^at its^ commericeraeht near the t^ape of Good Hope, 
tracing !t as ii p^rdce'eds westward in its course towards the 
cdast of /South 'AiriericV, hear to which, the lOth degree of 
sbtith latifude, is said to he the heart of * this trade wincl.^ 

v'H > r I .i) i-fl C r. s J 5 <■' ' 


* 0/ this wind the Rev. H. NEaloohn says, in h» On leaving? tho 

Ca{>e of 0^'fiope, a d!eUghtful^i)i^ze from ttie us at onco 

Inttt'iho yind^, & that'we ^tdd off 

St;'He1ana;*0HHhe' $tAt SqnaBj^ aa3(d' okims proximity 


of thisiofty inland, kispt us near it for twenty-four hours.^ Heavy clouds lowered 
on the summits of itS 'iiiottii|aiQs.'^-*-P. 201 . 
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Such a registration would show the increase of atmospheric 
vapour along the line of this wind, and would, point out thp 
quantity of it furnished to the large area over the land which 
extends from the Brazilian coast .to the Cprdilleras of, the 
Andes, to be there condensed into rain. These t^yp atmo- 
spheric currents furnish the material which, when condensed 
by cold, supplies the immense bodies of water that flpw down 
the Orinoco, the Amazon, and the Plate rivers. And ^hilp 
collecting these facts, other meteorologiceil obs^^^ 


be inad^ and recorded, particularly those having referenceJ;Q 
the b ygrametncal state of the air, to as great heights as should 




uj-.*. 


iVj 



be. found : 

In the cc^mmencmg part of the course of 
that have been named, iew or no clouds are to be j^eeq. 
afterwards they appear, and the place of their first appear|ince 
should be noted, as well as of the changes in the. appearances, 
which -follow/ — including the iqrms, density,, and elevation of 
the clouds; — the objects bein^ to ascertain, first, to wl^at hei^l^t 
the vapour extends by its own expansion, and secondly, t^at to 
which it is subsequently carried through condensation warming 
the gases in the locality. And these observations- should be 
continued after the wind has passed froin the sea to the land, 
and the character of the clouds should be noticed in connec- 
tion with the form and elevation of the lancl.:— and I^tly,, 
the quantity. of rain that falls in different localities should.be 
registered, distinguishing the falls on low from those on high 
lands. If this were accomplished between the coast and the. 
higher parts of the mountains, a meteorological chart of the 
locality might lie constructed which would exhibit a consider- 
able amount of evidence respecting the prqcesse^ that are taking 
place over the land, whilst the previous" registrations over the 


♦ IntheChm:t-(|pefr>£&^,3) tb|i 

intended to indicato.iho proi^ing Iq the r^eotiTelocaRti^s. 
of them present » genei^^ view of tht^t a^^frand 

on the surface of the glol>e^--ihey, pghdt oat the direotioa in Which their 

tormini may he discovered rather thto the leoaUties in which they oommence. 
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sea would show, to some extent, what was occurring In that 
portion of the atmosphere which was passing over the ocean. 
Such a chart would enalile us to discover where the vapour 
arose, — how it accumulated and ascended in the atmosphere, 
what appearance it presented there in the shape of clouds, 
to indicate the changes that were occurring in the upper 
regions, — ^its horizontal progress over both the water and the 
land, — and finally, the locality in which it was condensed and 
fell as rain. 

This information it is desirable that we should possess, as 
there is reason to believe that where the sun acts with great 
power on the surface of the ocean, the vapour which is there 
raised Jbj leyaporation first expands by its own ellistic force 
into tb^ atmosphere, Vhere, at a moderate height, the cold 
of the gases condenses some of it. This condensation warms 
the gases, and they consequently ascend, taking with them 
the vapour that remains in an uncondensed form to a higher 
region. A fresh supply of vapour from below then goes 
through the same process, forcing up the first, and thus a 
still higher region is reached; — and the gases in the part, 
by these successive operations, have their temperature raised 
above that which belongs to their latitude and elevation. 
This warming process enables the gases that are in motion 
as a wind, to bear along with them in their course tlirough 
the higher parts of the atmospheric spape, not only masses 
of cloud, but larger quantities of vapour than they could 
otherwise contain in an aeriform state, and to convey it to the 
distant mountains where it is finally condensed. 

In the great Pacific Ocean, winds are found similar to those 
that have been notieed in the Atlantic, and these winds should, 
ifpOjSSibl^, be subjected to similar meteorological e:^minatioiis. 
They eons^tute the north-east and soutb-gest trade winds of 
the Pacific, near to and within the tropics, and they blow 
over*^the eastern side of that immense ocean — becoming more 
decidedly east winds as they approach the equator, and at last 
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proceeding as such, to that extensive region of condensation, 
tlie great East Indian Archipelago. Malte Brun says — The 
tropical trade winds of the Pacific are feeble and circum- 
scribed on the coast of America, where they only begin near 
or even within the tropics. On the opposite coasts of Asia, 
and tlie regions to the south, they extend as far as the 40th 
parallel.”* The parts of these winds that are the most distant 
from the region of condensation, and particularly those that 
are passing from colder to warmer latitudes, wfll no doubt be 
found dry, that is, the dew-point in them will be considerably 
below the temperature. But where they proceed rapidly to- 
wards the equator, this dryness may possiblybe increased by 
the bigher^temperature to which they are raised in a warmer 
latitude. The sky in these parts will therefore be cleaiv and 
the air undisturbed except by its regular movement towards 
the Archipelago. It is of these parts that navigators spe^k 
with so much satisfaction, when describing the clear atmo- 
sphere and delightful breezes of this ocean. 

One writer says, from about 110® west longitude, *Uhe 
light trade winds were sweeping up towards, the islands, (the 
Marquesas,) all that we had to do was to square the yards 
and keep the vesseb before the breeze.” The sky presented 
a clear expanse of the most delicate blue, except along the 
skirts of the horizon, where you might see a thin drapery of 
pale clouds which never varied their form or colour. But the 
most impressive feature of the scene was the almost unbroken 
silence that reigned over sky and water.”f 

These north-east and south-east winds, like the trades 'of 
the Atlantic, alter to a certain extent with the passage of the 
sun across the tropics, being stronger in the southern hemi- 
sphere when the sun is south of the equator, and in the 
northern hemisphere when he is north of it j that is, the 
winds are stronger in the hemisphere which is, at the time, 
the most fully charged with vapour* 

^ Mi^te Bran, I., p. dSO. 
t MelvilleV ** Marquesaa Island*, ** p. S. 
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Near to the equator, and tb the American coast in this 
bciean, thfere ie region of cklmi apj)arently produced by 
the adjoining mountains pre^eiiting aii obstruction to the air 
passing ffbni the east. Biit the perennial wind that comes 
from the south, and passes along the coasts pf Chili and 
Peru, as fhr as tlie Galapagos Islands, there turns across the 
ocean,* proceeds westwatd, and constitutes a part of the great 
frade wind.^ 

But these winds, blowing so moderately and steadily, 
through bright skies, in the eastern part of the Pacific, as 
they cross the grbat obeah towards the west, take up vapour 
W ih their chiwieferi— ind a regular 

the 5b? df the feutfe th®oSefe^ 

iffie teicftperature, enable is to irice whele 

yepbuf wfti takeu up, afhd tb what extent it wSe aecumulated. 
As the winds reSch the welfern parts of this ocean,' all 
ftfccouuts' Sgtee that they lose! the mildf character they have in 
the east. The skies bebome cloudy, and the winds more 
violent arid irregular, until, bn reaching the nunierous small 
isktids that lie in front of the Eastern Archipelago, stormy 
Weather is frequently encountered, dud when the Archipelago 
frself is reached, the storms assume a character of fierceness. 
And a proper hygromefrical registration near the surface, 
'Would doubtless exhibit to view the proportional amounts 
of vdpbUr thkt ate in the lower regions of the air over the 
Whole of the bebab. 

Bnt we know veify little bf the changes thdt take place 
in die Kfghi^r regions ; effbrfr slioUld therefore be made to 
ihd^eate oflif kndWledge of those^ Regions, f From the known 

iitit) on one ocwion tr^velkd at tbe rate of seyenty 
while the air was 

quifi^ Uwhjiitll and lUiixtoatilai haya Snmd itvoug winds blowing in 

the Idghey nfgitm when it im Ofldin below, or the ydad above was blowmg m 
a dUferat difoottpn to that below }. bnt no etM bas been made to trace the 
caxues of snob dltendtiei ol vl^ af ^e^l'el^^iis. 
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action of tlie gases in condensing vappvir, apd then of the^ 
vapour in heating the gases and causing them to rise in^ 
the part, we may, however, venture to infer, that when 
clouds form rapidljr in the sky, much distUjrbancq will ta^e 
place in the atmosphere, which disturbance will c^ry con- 
siderable quantitie s of vapour into the highej: regions ; hence 
the necessity of observing the commencementj and continua- 
tion of the clouding of the sky, and the character of the. 
clouds in the diflerent parts. 

There is another reason that the hygrometrical state of t^e 
air \yhich passes over this ocean should' be obs^erved. It is 
well known that winds are more or less disturl^ed in tl^eir 
coumes bj ^e^ pxesen^, or^ even Ijy t)}e^ 9 ^ 

“lands, wjd. (u^ if/?, 

disturbing cau^ is to hp found in^tt^ejap^pr 
contains, it is desirable that, yi^e should know what quanti|^« 
it holds in parts at different distapeqs from tbe islands ; emd 
observation might show whether the air was less,saturatad( 
near to^^ than at a distance from them. There i^^. npw, sp. 
much communication between the western coa^t of 
and the eastern side of Australasia, that, we may .indvjlge, .ifV> 
the hope that suc^ meteorological facta willbe furpif)a9^ 
will throw new lig^ dn tifiif subject, 

It is common for waters tp say ^at the atmosp|;?rpi Wji 
at a particular period, clear, on account, of , 
of vapour that was diasohedi in fV /—this, contains ajq eprof^ 
It does not appear that, the gases are^more transpareu^.wi^n 
vapour is present than when.it is al|8ent:;--7nqr is^ tbe^^^ 
reason to presume that vapour, if mpre. transparent than t^ 
gases. There is no dpubt , that^ the a^ppspherie space is mo^'e 
clear at some times than at othprs^; bu^i tbis^ clearness. m^ bOi 
considered to arisp from the atoeg^e of aH opaqpe 
the time. ; * 

A very transparent abnpfphjejf.is genera^y ,fpp 4 bptb, 
before and after showers of After a heavy shower 
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objects may be seen with great distinctness : but this is evi- 
dently not attributable to an abundance of vapour, as the 
rain must have reduced the quantity iti the atmosphere. 
The cause of the clearness of the air under such circum- 
stances is probably to be found in the action of the drops 
of water, as they fall to the earth, on small floating bodies. 
Over land flne dust is generally floating in the air, as may be 
seM when solar light is adm^^ted to a dark room throygh a 
amall aperture^ and ascending vapour is liable to be condensed 
by cold into small globules of water: now drops of rain will 
impinge upon and carry down all these partides, and the air 
may be thus cleared of all such bodies. But the same clear- 
ness is observable before rain. This is, however, when cloud 
formation produces an. ascending current of air which carries 
Aip all floating substances to the part where condensation is 
taking place ; leaving the air free from them.* 

In what has been said in this Essay, no allusion has been 
made to barometrical registrations, but it is obvious that 
they should be made in connection with the others. Reasons 
have been already given for believing that fluctuations of 
atmospheric pressure arise from partial beating of the gases 
by condensation of vapour. If this is correct, the gaseous 
pressure will be at its full average only where no condensa- 
tion is taking place, and will fall below it as condensation 
increases ; and, all other circumstances being the same, it will 
be the least where the amount of condensation is the greatest 
in a given tinup. Now a run by a ship from a region of clear 
skies, undisturbed except by the regular trade wind, in tlic 
eastern part of the Pacific, to the clouded and stormy western 
parts, would be likely to furnish the means of ascertaining 
how far atmospheric pressure is affected from this source. It 
is probably true that the barometer will be differently affected 
by condensation, according as it takes place near to the level 
of the sea, or* at a considerable height above it ; and this may 
* See page 151, 
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render a full inquiry very difficult, but if, as is presumed to 
be the fact, the barometer generally stands higher in a clear, 
and lower in a cloudy atmosphere, and lowest in the most 
cloudy, it may be taken as good evidence that the mercury 
sinks in consequence of condensation of vapour having made 
the atmosphere lighter, as well%s more cloudy. There are 
many parts, particularly on sea coasts, where the barometer 
rises every morning from font to ten o'clock, and sinks from 
the lattnr hour 
it again at 

Vclock ifi regular 4ai}y 

fltmIuMioii: I ihare. explained elsewhere^ and if that explana- 
tion is cotrect, this kind of fluctuation will be very small in 
a clear oceanic atmosphere, but will become greater when 
there are cloudy days and clear nights ; and it will disappear 
when both day and night are much but equally clouded, 
because the periodicity of tbe daily solar action on the surface 
will be then destroyed. A careful hourly or two-hourly regis- 
tration of the barometer on board a ship, through tbe whole 
courses of the trade winds of the Atlantic and Pacifiq Oceana, 
would be almost certain to throw much light on the causes 
of the daily, as well as of the irregular, fluctuations of 
atmospheric pressure. 

All that has been said respecting .the trade winds of the 
Atlantic and Pacific, will apply more or less to the Monsoons 
of tlie Indian Ocean. These are indeed trade winds, which 
differ from those already named only because they are more 
affected by the passage of the sun from one tropic to 
other. The north wind of the Arabian Sea, which becomes 
the north-west wind of the Indian Ocean, has its origin, 
apparently, in so remote a part as Siberia. It pasm over 
central Asia, the desert of: Persia, and Arabia, as 

a very dry wind, but the Northern Indian Ooean, 

near the equator, b go 

place of its terminatidn^ it takes up much vaimnr. 

3 a 




'IH , 

t]ie l^te 9f tbil 1^04 

at tlie attrface of the earth, aa well aa 
aa ia prabtieable, and ita preaaare on the 
hfa^fla!^# woi^ doubtleaa exhibit intereating resulta. From 
whl4 we already know, it ia.not too much to aay ^at auch 
axandiiation would furnish llicts which would materially assist 
to explain the pressures that are taking place in the atmo* 
sphere- much more clearly than can he done at present. The 
gradual though prohahly irregular rise of the dew-point over 
this extensive range, would point out the great source of 
atmospheric disturbance. Another wind which in the winter 
blows over China as a very dry one, passes on to the Eastern 


-Arch^elago, where it becomes wet, and furnishes much 
rain — this, if examined, would no doubt furnish similar facts 
to that just treated of. 

The northern wind of the Indian Ocean resembles the winds 
of the Atlantic and Pacific Oceans, inasmuch as, like them, it 
has its origin and termination in the same hemisphere. But 
there is another wind that prevails in the Indian Ocean which 
differs from those that have been named, in the circumstance 
of having its origin in one hemisphere and its termination in 
the other: — this is the south-west Monsoon of the Indian 
Ocean. It is found blowing mildly in the narrow sea between 
Madagascar and Africa, and though that is in a warm latitude, 
where evaporation must be active, yet, from the state of the 
s1^, it may with propriety be called a dry wind. Its dryness, 
however, will probably be found to arise rather from high 
temperature than a low dew-point. Observers of this locality 
speak of the seascm of the south-west Monsoon as being the 
&e season of the part, and it is evidently rendered such by 
tlmtHonsoon taking the vapour, which has been produced there 
by evaporation, towa^ the north, iu which direction the wind 


proceeds^-Tr^etoteiiig the equatoo---ent«rihg the northern hemi- 
8{diere, .itild'Pa^^ over the whole Indian Oteean, taking up 
additiofal vapour as It proceeds to its area of condensation. 
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the Himalaya and other mountaiiis of Hindoostan. A careful 
hygrometrical examination of this wind, blowing throughout 
its course in such warm latitudes as it does, would p^doubt 
show that it becomes mpre moist as it passes over the tropical 
seas, and that it finally takes with it that large amount' of 
vapour which, when converted into rain, deluges Hindoostan 
and adjoining countries. As this wind comes from the west, 
as well as from the south, — the western sides generally of 
the countries named are, in the south-west Monsoon, very 
rainy. But there is an exception to this which is worth 
noticing, as it afibrds an opportunity for explaining an 
apparent anomaly, and really shows how the atmospheric 
disturbances are produced. « 

Near the mouth of the river Indus, and over the low countiy 
of Cutchj.from the 23rd to the 25th degree of north latitude, 
the south-west Monsoon is a dry wind. Mrs. Postans says^ 
in her book on Cutch, that *^the south-western Monsoon is 
usually slight. The prevailing winds are from the west to 
south-west, and the latter, contrary to the general experience 
of other parts on this side of Igdia, are in this province pre- 
ventive of raim When these winds blow frequently during 
the Monsoon months of July, August, and September, they 
are always observed to cause drought.”* This statement 
appears to be at variance with what has been here advanced. 
But let us consider what are the general atmbspheric move- 
ments and processes that are known to be going on in these 
parts at the timcj, Extremely copious condensation of aqueous 
vapour, brought from the wide expanse of the tropical Indian 
Ocean, is taking place, particularly against the south-west 
sides of the Himalaya Mountains, where, as a necessary con- 
sequence of that condensation, a considerable vacuum must 
be created in the atmosphere. Into t^s vacuum the air, — 
not only from the Indian Ocean, but also from any other 
neighbouring part, will be disposed to rush with a force 

Sm page ai7. 
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propoi?ti0ii6d to the degree of vacuum that extats. Masses of 
air WQuld^ no doubts press into the vacuum directly from the 
north and east, were they not prevented by lofty mountains. 
3ut beyond these meuntains winds are found, and one may 
be traced passing round them to the west over Persia and 
Arabia, and, after crossing the Persian Gulf and a part of 
the Arabian Sea, it blows across the lower Indus and Cutch, 
towards the vacuum that exists near the south side of the 
Himalaya Mountains. The very rainy winds of Hindoostan 
come from the southern and western parts of the broad 
Indian Ocean, and supply the vapour that is condensed, yet 
the vacuum that is thereby created permits tlie dry winds of 
Persia, and Arabia also to pass towards it over Cutch; and 
an examination of the state of the air in the various winds 
that rush from different quarters towards the line of con- 
densation in this part, would show, not only whence the 
vapour came, but also whence came the comparatively dry 
wind that is found near the part. 

At Bombay and other places on the south-western coast 
of India, the air, during the summer Monsoon, is extremely 
moist; whilst it is comparatively dry in .the winter Monsoon, 
and it is considered by many persons strange, that there 
should be, as there undoubtedly is, a considerable daily 
change of atmospheric pressure in the latter season, whilst 
t])ere is scarcely any in the former. It has been said — if all 
the great disturbances of the atmosphere arise from conden- 
sation of vapour, what can cause this daily change of pressure 
in the dry season, when there is but little vapour in the air, 
whilst there is no such change in the wet season, when there 
is much? The answer to this is, that the daily change of 
the pressure of the atmosphere, is a consequence of the sky 
being in a different sij^te, during the day, to what it is in the 
night, during the dry season. In this season the sun, shining 
through a clear sky, heats the surface of the earth in the 
morning and greq^tly raises the temperature; — this increases 
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eyaporation of water from toth sea and land, and vapour 
passes freely into the air, augmenting the general pressure 
of the atmosphere, and causing the barometer to rise, until 
the sun has ffttained a certain height in the heavens, say at 
about nine or ten o’clock. After this evaporation becomes 
more energetic, more vapour is sent into the atmosphere, 
where, by its elastic force, it ascends, penetrating the gases 
that exist there. But these gases are colder than the vapour, 
and some of the latter is soon condensed into m'^t, which 
may be readily seen, as it dims the light of the sun. That 
sun, however, now shining partly on the mist instead of 
wholly on the earth — probably re-evaporates it, and the newly 
produced vapour ascends to a greater height, to undergcP^gain 
the same kind of condensation. These processes being con- 
tinued and the air filled with mist, and warmed by condensa- 
tion, has its weight reduced and the barometer falls, though 
possibly no thick cloud may have appeared in the sky; — the 
conversion of the transparent vapour into mist being only 
just sufficient to warm and lighten the atmosphere for the 
time. When the heat of the sun declines, this mist is left in 
the air, and in due time is converted again into transparent 
vapour by evaporation, thus cooling the air, making it heavier, 
and causing the barometer to rise, as it does from about four 
to ten o’clock. It is thus seen that the daily fiuctuatidn of 
atmospheric pressure at Bombay, in the dry season, is a reslilS 
of the unequal influence of the sun during the different periods 
of the day. And if suitable observations were made there of 
the hygrometrical state of the air during those periods, and 
the degrees of mistiness or clou^g of the sky noted, we 
should probably" hfive evidence of the causes of daily fluctua- 
tions of atmospheric pressure. . * . 

In the summer Monsoon very little daily change of pressure 
is experienced, because a great amount of condensation is un- 
ceasingly taking place among tbe mountains, causing the air 
to rush from the sea to the monnlaiiis with nearly equal force. 




ibe 

«)il<dtf^^^|«ii|k^t^^ gof, thdrefora, has not aiiid» voore <|llt 
c# the lamd during the day than it has i^ is%h^ 
tl^vei^ cOnsequwjfly, no unequal dailyheating of theairi and 
the barometer remains undistorbed by any regularly dbanging 
daily influence.* . ' 

It must then, we presume, be admitted to be highly desirable 
that meteorological observations should be made in such a way, 
and on such a plan, as will best exhibit the action of aqueous 
vapour ^ producing atmospheric disturbances. There are 
many observatories and still more numerous observers in 
various parts of the world, but the latter do not appear to 
act dh »good system; — they seem to have no definite object 
in view, and therefore observe every fact as far as they can, 
appearing to consider all observations of equal importance. The 
result is, that we have accumulated, in works on Meteorology, 
an immense number of facts, elaborately corrected, and for- 
midable in their appearance to the student who ventures to 
encounter them, without having .that information furnished 
which is really wanted. The British and American Govern- 
ments have recently directed navigators of their respective 
countries to observe and register the winds that are found 
over all parts of the ocean, and it is said that considerable 
benefit has already resulted from information thus collected, 
bUflnding better courses for ships to pursue in their voyages. 


* In the ?^ume of the British Association for 1851, there is a communication 
from Dt. Bnhit, on the change from the winter to the summer Monsoon, in which 
he says, that at Bothhajr, ** about the beginning of May, the air becomes damp 
and muggy, the land and sea broMies become irr^ular, and a calm prcTaiis over 
a great part of the nighty with the thermometer fifom 80® to 85®, the air being 
aorohasged with moisture. About the middle of the mouth, long banka of electric 

olondamake thdr i^pearanoe over the mounts^ in thu Towards the end 
of thO month, ^leut Hghtning appears fjpm these olonds, and in time the Monsoon 
opens ftom thm* These masees are fl?eqnently mugniOeent at sunset, but they 
seldom appear t^elfore midnlay, ai^ are ran^y visible long after sunset.-^P. 144. 
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But o% the 

iaikbi fiMits, »howhi|g; tlat Uihuh hure beeu found 

in certain ^rt» at certain ainaonsi i Butiff we.undmtood the 
nature and operationa of the diatUrhing cauaea irhich pro- 
duce the winda, we ahould be better able to. account for 
tb# embarrassing anomalies that are sp often met with, and 
navigators might be better able to act when they occur, than 
they can from the use of mere empirical knowledge, however 
much of it may be possessed. But apart from the practical 
benefits which may reasonably be expected to result from 
the inquiries here recommended, it is desirable that they 
should be pursued in order to increase our knowledge of 
what is taking place iA that great aerial ocean within which 
we live and move, and by whose changes and disturbances 
we are so variously and extensively afibcted. 



ESSAY XXII. 


On the proximate Causes of the Prmary Currents 
of the Ocean. 

In addition to the disturbances jftoduced in the water of 
the ocean by tidal action, there are extensive movements of it 
that are known by the name of Oceanic Currents. Different 
opinionrhave been entertained respecting the causes of these 
currents, but they have generally been ascribed to the rotation 
of the globe on its axis causing the surface of the earth to 
move eastward, faster than the water which is contained in 
the bed of the ocean. The influence of wind on the surface 
of the water has been occasionally recognised, but mostly as 
a naodifying cause, affecting only the surface and the water 
immediately under it. 

♦ For instance, in Lizars’ Atlas, it is said — “ Besides the 
tides there is a regular motion of the waters of the ocean, 
which carries them from east to west in the tropical regions, 
and as far as 30 degrees of north and south latitudes in the 
same direction as the trade winds, but contrary to that of the 
rotation of the globe. According to Make Brun, the globe, 
moving with velocity towards the east, leaves the waters of the 
tropical oceans always a little behind; and hence they seem 
to Bupve towards the west with a rapidity proportioned to 
the jiiipeij^r .velocity with whioh the solid parts of the earth 
really movk tpwwds the east.” And the writer of the Allas 
remarb^‘^TOatfv^ liiay be thought of this theory, which, 
it must be eonfess,ed, is somewhat fanciful, the fact is certain 
as to the existence of these currents ox movements, by which 
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the waters of the sea are carried without any impulse of the 
wind or tide into a particular direction.” Thus the Pacific 
Ocean flows from east to west with a motion powerful in 
proportion to the vast and uninterrupted extent of that sea. 
This main current, in its motion westward, is impeded by an 
immense archipelago of islands and sub-marine mountains. 
It forces its way into this labyrinth, and then forms a variety 
of currents.”* 

In the same work, in speaking of the Atlantic currents, it 
is said — The great western current of the Indian Ocean, 
after passing the Cape of Good Hope, advances across the 
Atlantic to the American shore; and being opposed by this 
great barrier the waters divide, and are turned in different 
directions by the peculiar configurations of the coast. One 
part makes its way through the Straits of Magellan to the 
Pacific Ocean ; the other stream is better known, it being the 
great current of the Atlantic Ocean, which is turned north- 
ward about the 8tli degree of south latitude, and extends 
towards the eastern coast of America. It is extremely 
rapid; — it prevails from the 30th degree of north latitude to 
tlio 10th degree of south latitude, beginning at from twenty 
to tliirty leagues from the coast of Africa, and extendingj^ 
over all that sea, in which the Antilles are -scattered. There 
is a third great current of the Atlantic Ocean, by which 
its waters, in their progress westward, are carried violently 
into the Gulf of Mexico, and there, being collected and 
coi]centrated, they rush with rapidity through the Bahama 
Channel,” 

In the Penny Cyclopaedia^ where the general opinion on 
the subject is also'given, it is said that Humboldt, ascribing 
the formation of these currents to the rotation of the earth, 
calls them ^ currents of rotation.* But he does not distinguish 
between the proper currents and the drift-water, which latter 
produces a slight western current on the surface of the ocean 
* Lizam' “Atlas,” p. 85. 
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between the tropics. This latter motion is indeed probably ^ 
caused by the united effects of the rotation and the trade 
windsj On the wide-expanded surface of the ocean. The small 
degree of velocity in this- current, however, shows that the 
stronger currents near the equator cannot arise from the same 
cause. Rennel thinks that the equatorial currents are caused 
by the accumulation of great masses of drift-water near the 
equator, by the north-easterly and south-easterly trade winds. 
But this opinion will be found inadmissible, when it is con- 
sidered that such accumulation could only produce a superficial 
current; and these currents are not superficial, but go to a 
great depth.” Again, in the article on this subject in the 
Encyelopoidia Britannica it is said, that in the sea, currents 
are either natural and general, arising from the diurnal rota- 
tion of the earth about its axis; or accidental and particular, 
caused by the waters being driven against promontories, or 
into gulfs or straits.” 

Thus, all these writers concur in representing the rotatory 
motion of the earth as the great cause of the oceanic currents 
that are found within the tropical regions. This rotatory 
motion causing the tropical parts of the land to move east- 
yvard at a high velocity, it is assumed that the waters of the 
ocean must be Icft-behind. But for this assumption there does 
not appear to be any sufficient reason assigned, nor indeed 
is any plausible reason given, unless the alleged depths of 
the oceanic currents can be considered one. But it will be 
admitted that the weight of the water will cause it to pr^css 
on the solid bottom of the sea, however deep or shallow the 
water may be, with a force proportioned to the weiglu.; and 
it has not been shown that that we\g\lt will be msuiriclent to 
ejiabJe the solid earth to carry the fluid water with it, and thus 
to CdUfiC butb to move with a velocity which, with reference to 
our aubjeot, be considered equal. The amwip- 

tion, therefore, that the water will be left behind Ow Jam]; 
being unsupported by specific evidence, may at present be 
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treated as unproved. Of the facts that are furnished there is 
no doubt, as these oceanic currents are well known to exist; 
it is therefore of the causes alone that we have to treat, and 
the great cause is stated by these writers to be the rotation of 
the surface of the globe making the solid .land move faster than 
the liquid water that rests upon it, which is therefore said to 
be left beliind in its rotation, making an apparent current. 

Now, if the rotation of the solid earth really left the water 
behind, we should have an apparent western current flowing 
across every part of the open tropical seas, and therefore 
across not only the Pacific and Atlantic, but also across the 
Indian Ocean, near the equator, say from Sumatra to Ajan 
and Zanguebar on the eastern side of Africa. This ocean is 
as wide as the Atlantic near to thg^ equator, and therefore 
would allow the land to pass eastward from the water, if it 
could SQ pass, quite as well as in the Atlantic. But there 
is no such current in this part of the Indian Ocean; on the 
contrary, the currents that are found in this locality flow 
towards the east rather than to the west.' 

Oil the oppo.site side of the Continent of Africa, however, 
there is a very decided oceanic current, but it flows from 
the west to the east, just in the opposite direction to those 
^‘currents of rotation” of which we have been speaking. This 
current is generally spoken of as being very extraordinary. 
Lizars says of it, — Along the western coast of Africa some 
singular currents prevail. Between the 30th degree of north 
and the 10th degree of south latitude (the same breadth as 
the westerly stream that runs into the Gulf of Mexico) an 
easterly current* sets in towards the shore, which has been 
sometimes fatal mariners. By this current, vesselsj^ if 

they approach too near the coast, are drawn into the Gulf of 

Guinea, out of which they experience* the greatest difiiculty 
in waking their way,” ‘ 

Other writers speak of this cutreot in the same manner. 

One of them says,—- Thk enrrent, which is known by the 
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name of Fernando Po, is said to be so strong as to impel 
vessels powerfully towards the bay, when they happen to 
come too near the coast. Its strength is such that a vessel 
may, in two days, ^o from Maura to Rio de Benin, distant 
150 leagues; and the time required to return is about six 
weeks.”* 

In this locality, the land on which the sea water rests, so 
far from moving towards the east with greater velocity than 
the water of that sea, most undoubtedly must move with a 
less velocity, as it allows the water to proceed eastward so 
much faster than itself, as to constitute that water a strong 
current running eastward into the Gulf of Guinea, Thus on 
both sides of Africa within the tropics, the oceanic currents, 
where any exist, move^in a direction the opposite to that 
which would be found if the theory of which we are speaking 
were true. There are many other currents that, furnish 
practical evidence of the erroneous nature of that theory ; 
but it is desirable that we should in the first instance direct 
our attention to those great western currents that have been 
named, and to the causes which, it may be presumed, really 
produce them. 

In one of the extracts that have been given, some influence 
is assigned to the winds that blow over the tropical seas, but 
they are said to produce only a supeidicial effect on the body 
of the water, and it is positively asserted that they do not 
produce the great and deep currents of the ocean. It is neces- 
sary, therefore, that we should advert to the nature of the 
action of the wind, on water over which it is passing, in order 
that we may see the force of this assertion. The atmospliere 
press^ with a weight of say 15 lbs. on each square inch of the 
surfatre of the water, and when that atmosphere is in motion 
as a wihd, it continues to press with the same weight, and 
by its friction must tOnd to impel the water forward in the 
direction is blowing. The immediate effect 

* 8e# Olittri, S,) with Sbowiag the direction of the enrrent. 
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of this wind, as is well ktiown, is to cause a slight ripple on 
the surface of the water : and afterwards in a short time, and 
in proportion to the velocity of the wind,, to produce small 
or large waves. The waVes when formed present a rougher 
surface for the wind to act on, and«they enable it more 
effectually to force the water forward in a horizontal direc- 
tion. Now this force being continued for a long time, and 
acting over a large extent of surface, is, it is cgntended, 
capable of producing a great general result, in conimunicating 
motion to the waters of the great oceans. 

It is known, too, that the gases which constitute the atmo- 
sphere, to a certain extent penetrate the body of any water 
on which they rest ; the atmosphere may .therefore be con- 
sidered not to press altogether on the surface of the water, 
but to sqme extent on that portion of the gases which the 
body of the water contains. Now, when the atmosphere over 
the sea is put in motion ahd becomes a wind, it must have a 
tendency to carry with it, not only all the air that is above 
the surface of the water, but also that portion which has 
penetrated the body of it, and that is below the surface. 
How far this circumstance may cause the* wind more effec- 
tually to carry with it the water over which it is passing may 
not be known, but the tendency of a wind to produce such 
an effect is sufficiently apparent.^. 

That wind, such as has been described, acting on the 
surface of water, will put it in motion and to some extent 
produce a current, is so evident, that it must be and indeed is 
admitted ; but it is said that currents produ&d by this cause 
are superficial, whilst the tropical currents are of great depth. 
The depth of the Current, however, may depend on the velocity 
with which the wind blows, the constancy of its action, and 
the extent of water on which it acts. When the wind first 
presses on the water, it appears to act on the surface alone ; 
but when that surface is put ip motion, the upper water> 
while in motion, presses an that which is lower, and carries 
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ie a}iK> this pi^sure 

of the #Ater a^ile id niotioo is prbpagated to greater depths, 
ao lt^ ae the pleasure of the tvind bn the surface is continued, 
Pdr the wind, moving as it does with greater velocity than 
the water, exerts its force in every successive instant of time, 
like gravity in the descent of bodies, and that force is added 
to all the previous effect that had been produced. And over 
a wide ocean, there is no reason to be assigned that the 
pressure of wind, acting constantly on the surface of the 
water, should npt give motion to that water even at great 
depths. 

The tropical trade wind of the* Pacific Ocean, in which exists 
one of the great .oceanic currents that have been named, is 
first found moving slowly near to the Galapagos Islands, in say 
about 90 degrees of west longitude, where it produces but a 
slight effect on the water of the ocean : but it continues blowing 
westward, and generally with increasing velocity, over not less 
than say 120 degrees of longitude, or 7,200 geographical miles f 
there is, therefore, over this ocean, sufficient space to permit 
the action of the comparatively rapid wind on the surface of the 
- water to press that water forward witli increasing rapidity, and 
to greater and greater depths; and the current thus created, 
by the wind alone, may, it is considered, he found to extend 
to great depths. * 

Another wind of the tropical regions, — the trade wind of 
the Southern Atlantic, appears to have its origin in so remote 
a part as near the western coast of Australia. From between 
say 20 and 30 degrees of south latitude,’ wind blows from the 
east across the Indian Ocean, and it apparently carries with 
it the waters of the ocean, as an oceanic current sets on 
Madagascar and the southern part of Africa. It then passes 
across the Atlantic, as a south-east wind, extending 

to the coaet of frazil, followed throughout its course by the 
, water of the ocean. A part of this water, being impelled 



by the wiud thwwj^. the CSpribfe^n See epd into the GeM of 
Mexico, ii there eecumidet^ end rpeed to • ^|be|t \0w\, 
until it finds an oulW^ lb* ^Wind hetssew# WwiiJ* eod 
the island of Cube, along whidi duni^ Jt paeaei aa tha 
well-known Gulf Stream. Now win<^ acting constuntlf on 
the surface of water as these trade , winds do, and over the 
extent of two great oceans, must, for the reasons that have * 
been given, be considered fully able to set that water in 
motion, not merely on the surface or a little below it, but to 
a depth quite equal to that at which the currents are found 
in the Southern Atlantic, the Caribbean Sea, or the Gulf of 
Mexico. 

The eastern trade wind of the Northern Atlantic, in like 
manner, traverses the surface of the part of the ocean that 
lies between the Canary Islands and the West Indies,* taking 
water with it, which water, in conjunction with that which 
comes from the Southern Atlantic, is forced into the Gulf 
of Mexico; and the w^ater of these two currents is, by its 
accumulation and acquired velocity, carried northward to the 
bank of Newfoundland, from which it is deflected across the 
Atlantic.f 

It is evidently tlie same kind of force, namely, the force of 
the wind acting on the surface of water, that produces the 
oceanic current that has been already alluded to, in the Gulf 
of CjLiinea, which, to the surprise of the rotatory theorists, flows 
in an opposite direction to those just mentioned. A strong 
wind to the west here traverses only a moderate extent of sea, 
and blows into this gulf towards the shore; yet this wind, 
short as is its course, evidently forces the water forward and 
creates the oceanic current, no other cause being found t© 

* See Chart. . 

t It is stated by Milner, (p. 363,) that it bas been ealculated that the water 
in the Gulf of Mexico is raised by the force of the current which extends say 
4,000 miles from the Cape do Verd Islands, no less than 325 feet above its level 
when at the islands; a height which will cause It to be impelled, by gravity alone, 
with cousiderable force through the Btvaits of Bahama. 
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produce it in this case. But if wind, by blowing over so com- 
paratively small an extent of sea, can produce such a rapid 
oceanic current as that which exists In the Gulf of Guinea, 
there can be no reason given that the same agent should 
not, by passing over the^Pacific, the Indian, and the Atlantic 
Oceans, produce strong currents in them. There is said to be 
another current jn the Pacific Ocean, between the 4th and the 
10th degrees of north latitude, which flows from some distance 
in the open ocean into the Bay of Panama, and therefore in 
an opposite direction to the great eastern equatorial current ; 
and this western current must niove eastward faster than the 
land on which it presses. The only agent that can be traced, 
as likely to produce this current, and which no doubt does 
produce it, is the wind which blows off California and Mexico 
into the rainy bay and country of Panama. 

It has been long observed that wind blowing over water 
towards land, acts on water which is obstructed by the land, 
with a force sufficient to raise it to a considerably higher level 
than it would otherwise attain. This has been particular!}' 
noticed in the river Thames, where a strong wind acting in 
the same direction as the flowing tide, raises the water much 
above the proper tidal elevation, whilst the wind acting in 
the opposite direction to the tide produces a contrary result : 
the same effects are experienced in the Severn. In the 
canal between Runcorn and Manchester, which ha§ a level 
of considerable extent, the wind, when it blows strongly from 
Runcorn, raises the water above the true level at Mancllester* 
The same kind of effect is produced in the Forth and Clyde 
Canal. When the wind has for some time blown strongly 
from Suez, at the head of the Red Sea, it is said that the 
water of that sea has been forced southward to so great an 
extent,, as to leave the bed of the sea* almost fordable, though, 
at other times it is deep. Mr. Taylor, the astronomer at 
Madras, Informs us that the northreast monsoon sets in at 
that place about the 19th of October, and along with the 
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wind a current sets along the shore. It reaches its maximum 
velocity about the 1st of November, running then three miles 
an hour. During this interval the sea, oh a squally day, rises 
two and a half feet above and sinks two and a half feet below 
its mean level, and, in the case of a gale of wind, it may 
possibly reach to double this amount.” ‘‘On the 21st May, 
1833, a terrible storm raged in the Bay of Bengal, near the 
mouth of the Hoogly, when the tide, at the mouth of that 
river, rose more than- twelve feet above the ordinary height of 
the springs.” These are a few of the numberless instances 
which might be adduced to show that wind, acting on the 
surface of confined water, produces upon it great effect in 
raising its level ; but when there is ample space for the water 
to move forward, the wind readily produces a current, and it 
is evident from the nature of the force that is in action, that 
that current will, in deep water, extend to depths proportioned 
to the length of time that the wind has acted on the water 
which is in motion. 

There are partsS, other than tliose which have been men- 
tioiu'd, where winds< evidently create oceanic currents. One 
blows from the south along the western coast of South 
America, and an oceanic current is found moving with it, 
inmeasing in velocity with the increase of the wind, and 
carrying comparatively cold water even to the equator. This 
current of the ocean runs from south to north, and not from 
east to west, as the so-called rotatory currents do; the surface 
i)f the land, therefore, moving easterly, faster than the water 
resting on it, cannot account for this current, which must be 
produced by the wind. ^There is another extensive current 
which is thus described : — “ In the Indian Ocean we find the 
well-known current that runs from south to north, from the. 
west coast of New Holland, (Australia,) an(?*from the Island 
of Sumatra, as far as the bottom of the Gulf of Bengal.”* It 
also “impels one of its branches through the Strait of India;' 

^♦SeoCIjart. " * . 
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part sea exteadic^ aaj ta 

the coast of Africa ; and if the water of the here« 

left behiad by the land, it Would have an apjfa'reiHi current 
westward, that is, in the direction of Africa, Buf 'w .see 
that.it runs not. weal, but north, first intaldi^ Bay of Bengal, 
and then it passes to the east through the Indian and 
Chinese Seas.- This extensive oceanic current, therefore, 
which directly crosses the equator, and which, in the Indian 
and Chinese Seas, runs eastward, and therefore rotates faster 
eastward than the land, cannot be water left behind by the 


land. 


But, it is in those parts of the world where the direction of 
the oceanic currents changes with the season, that we have the 
strongest proof of the errors of those writers who attribute the 
wrrents to the rotatory motion of the earth. That motion is 
always the same, quite independent of seasons, and any cflect 
really produced by it would be undisturbed by changes in the 
seasons; this would be nfore particularly the case within the 
tropical regions, where the rotatory motion of the surface of 
the earth is the most rapid. Now, over the Northern Indian 
Ocean, the Bay of Bengal, and the China Sea, the south-west 
tnonsoon prevails during sunjmer, and the north-cast monsoon 
blows during the winter. And the oceanic currents of these 
parts of the world are found to obey, not the rotatory motion of 
iKf 6a^th, as they should according to the rotatory theory, but 
for the time the influence of the prevailing wind, — changing 
regularly with the change of the season. Thus we are told by 
one writer that between Cochin China and Malacca, when 
■ the western ‘ monsoon blows, that is, from April to August, 
the current sets eastward gainst the general motion. In like 
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manner, for some months after the middle of February, the 
* curreh'ts set from the Maldives towards India on the east, 
against the saya that at 

Java, in the of Stinda^ blows from 

the west, that is, in the month of May, the cmrrentS^iset th 
the eastward, contrary to the general motion. Between thfe 
islands of Celebes and Madura, when the western monsciN^ri 
sets in, that is, in December, January, and February, or When 
the winds blow from the north-west or between the north and 
v/cst, the cuiTcnts set to the south-east, or between the south 
and cast.”^‘ 

Davidson,* in an account of his voyage in this part of 
tlie world, says, — “From April to September the south-east 
monsoon blows in Torres* Straits, and the western monsoon 
prevails during October and the five following months, and 
these last winds blow so strongly as to close the passage of 
those straits,” (fr;om the Pacific.)f , .He also further states 
that “ the barrier reef extends from the coast 6f New Holland 
(Australia) to that of Papua, (or New Guinea,) with numerous 
gaps and entrances in it, which appear to be kept open by the 
current that for six months in the year runs through them 
from the Pacific to the Indian Sea, and in the contrary direc-. 
tion during tlie other six.”f It thus appears that duripg bne 
half of the year the wind blows from the Pacific Ocean through, 
these straits, and then the oceanic current runs through them 
from the Pacific; but during the other half the wind blows . 
from the Indian Ocean, and then the current runs with it 
from that ocean. If the solid land, in its rotation towards 
the east, left theyvater behind, and gave it an apparent motion ^ 
towards the west, it most undoubtedly would run Westward" 
here from the wld^ Faci^ Oeean^ in the winter as^well as in 
the summeri^^-fro^ October to Mar^ as well as from Marcft> 
to October, hi tbai motion would alwaj^ 

produce precisely *tbe same effect. Sut as it does not do so. 
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we must conclude that it is the changing wind that produces 
the currents which so uniformly change with it, 

Thes0 accounts of the alterations of the oceanic currents 
v^|th the chango in the direction of the wind, are mostly given 
supposed that the rotation of the eartn was 
tiie '^eat general cause of tW currents, and they speak of 
the altered direction of the water in the particular eases with 
surprise# There is, therefore, every reason to place confidence 
in their accounts; and their statements show not only that 
wind can produce motion in the water of the ocean over which 
it passes, but that it produces the motion in a short time, and 
while passiilg over only a limited space. It is alwtiys soon alter 
the wind changes that the ocean current changes, and many 
of the currents run with great fcu'ce in a direction exactly 
contrary to that which is erroneously supposed to be their 
natural direction, consequent on the rotation of the earth. But 
if within these comparatively limited spaces wind can soon put 
water in rapid motion, it is sufficiently evident tliat the same 
wind, acting on the surface of broad oceans, and for a much 
longer time, is capable of producing proportionately greater 
effect, and it may therefore be admitted to be able to create 
the currents that are found in the widest and deepest seas. 

It may, no doubt, be easily imagined, by those who are sci 
disposed, that rapidly rotating water, such as that vvliich passi s 
northward from the Gulf of Mexico, takes with it its swill 
motion, and therefore that it must proceed eastward faster 
than thedand over which it is passing. But the water of this 
secondary current, being accumulated in the Gulf of Mexico, 
and raised to a great height, is evidently forced to run in 
..the easterly direction that it takes by the form of the western 
bdun^davy bf the Atlantic basin, ,wbich, in its more northern 
part, extends to the eastward. From the southern extremity 
Florida, where the, gulf stream has a rotatory velocity of, 
say, about nine hundred miles an hour,dt runs nearly parallel 
with the Aihericaii shore until it reaches the latitude of 46 *^, 
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wliich has a velocity of not more than, say, seven hundred 
miles an hour. And it is only when it encounters the great 
Bank of Newfoundland that it turns decidedly to the east, 
and flows across the Atlantic to the western shores of Europe. 
This current, therefuroi must be impelled northward from the 
Gulf of Mexico, by a force existing in that gulf, and through 
the impulse given to it, irevidcntly proceeds in such direction 
as the basin of tlie Atlantic pennitsf until it Is deflected east- 
ward, and finally it returns southward into the tropical current 
that runs from Africa to the' West Indies, which is created by 
the* north-east trade wind. 

On the opposite side of the equator we have a different state 
of things. The whole of the great current of the Southern 
Atlantic does not run into the Gulf of Mexico, but is divided 
by a projecting point of the Brazilian coast, in, say, about the 
sixth degree of south latitude, into two portions, of which 
one only runs through the Caribbean Sea into the Gulf of 
Mexico ; the other passes southward along the coast of Brazil 
and by Eastern Patagonia to the Straits of Magellan. Now, 
the water of this secondary current, when in the sixth degree 
of latitude, must be presumed to have acquired the velocity 
ol’ the land in that parallel, which is, say, nearly one thousand 
miles an hour. But from this point it is impelled southward 
until it reaches the latitude pf 54^^, which has a rotatory 
velocity of only about six hundred miles an hour. But this 
water, instead*of taking with it the high velocity of the sixth 
degree of latitude, which would soon have carried it very far 
to the east,^'uns westward through about 30° of longitude to 
llie latiliide of §4°. It thus appears that the impetus which 
this water receives from the wind, in crossing the Atlantic 
from tlic Cape of Good Hope to Brazil, is sufiScient to carry 
it from a part where it has a surface velocity of one thousand 
miles an hour to another part where it has a velocity of only 
six hundred miles an hour, without bearit% with it any of the 
swifter eastern motion, but, on the contrary, actually moving 
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.westward, -It fpUowPj tbat this tropical waters loses 
rotatory Velocity^ as it passes* southward, so readily and'|PEn- 
pletely, through its pressure on the land which constitl|^nts 
bed/ as to allow the ficquired force of the current ^iii^'had 
been created by tlie wind to carr}^’ it in the opposite direction 
to that in which the altered rotation of the latitude. would be 
inclined to carry it. It is, indeed, sufficiently evident that the 
obstruction presented by the eastern coast of AUierica alone 
prevents the water from going more west than it does before 
it readies the Straits of Magellan, notwithstanding that it 
passes into latitudes which have successively slower rotations. 
The motion of the surface near to the equator is nearly one 
thousand miles an hour, but the wind impels the water in the 
current southward after the average rate through its vvliolo 
course of, say, not more than one mile an hour; and it is evi- 
dently the slow motion southward that allows the water, by its 
pressure on the bottom of the ocean, fully to acquire the re- 
duced rotatory speed of the latitudes over which it passes ; and 
this fact is in harmony with those which have been already 
given, as well as with many- others that might be adduced. 

Water from the China Sea, which is impelled northward 
towards Japan and the Tartarian Channel, is forced to pass 
along ocean boundaries, not westward like that off Brazil, but 
eastward, like that off North America, and therefore it nmst 
move eastward faster than the ocean bed on which it presses ; 
but there is no reason to suppose that it is cafried to the east 
faster than the ‘ land by previously acquired high rotatory 
velocity, seeing that the same motion, evidentl^^cquired by 
the action of wind, that heje carries the water to the east, 
impelled it westward off the South eoasti We are 

pot at^liberty to suppose that one capse produced western 
current off America, and that there is another and a different 
cause for the eastern current off Asia; wind, and the shape 
of the shoresj secittl' aloho^ble to prbduce both currents, and 
therefore we haVe fo conohide that they produce each. 
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Currents in other parts of the ocean show, in a palpable 
manner, the influence of win^ in producing .them* Welsted, 
in his account of Arabia, says, — *^There are few portions of 
the globe where the results of calms and strong currents are 
felt conjointly with more effect or in greater degree than in 
the Gulf of Aden. These currents would appear to obey no 
certain laws ; sweeping up the coast of Africa to the north- 
ward at a velocity of sometimes eighty miles a day, they impel 
a body of water into the Gulf of Aden, increasing the level 
of its waters until a north-westerly breeze forces them to the 
southward at a rate of almost equal velocity.” It is pretty 
evident tliat wind from the open Arabian Sea must have, 
forced the water into the gulf before the north-westerly breeze 
carried it out, and it is certain that rotatory velocity could 
not produce such intermitting movements. 

An oceanic current flows from the Antarctic Sea near 
Victoria. Land, to Tierra del Fuego, which is from a south- 
we.stern towards a- north-eastern part of the globe, conse- 
quently from a slowly rotating to a quicker rotating latitudje. 
At the point of its departure from Victoria Land the rotation 
shall be, say, three hundred and forty miles an hour ; and 
when the current reaches Tierra del Fuego, it is over a part 
that rotates, say, six hundred miles an hour. But does the 
quicker rotating land over which the water passes leave that 
water behind? No, it does not. If it did, the water would 
run tow'ards Australia or the Indian Ocean ; whereas it passes 
eastward through 50^ of longitude, and consequently moves 
eastward faster than the land on which it presses, until it 
readies the great region of condensation about Tierra del 
Fuego; towards which region, it will be recollected, winds 
blow, passing over the same line as the oceanic current. 

The remarkable wind that blows along the western coast 
of South America has been already noticed; and that wind 
evidently takes with it a current of cold water to the equator. 
Now, as the solid land does not leave this water behind, the 
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winter experience no difficulty in increasing its rotatory 

tbe 

..del Fuegdi to the one thousand nailed that it * 
attirins dt;the equator. On the other side of the equator, toO, 
along the coasts of California and Mexico, in the rainy season, 
a strong north-west wind blows towards the Gulf of Panama, 
and then an ocean current travels with the wind. These two 
oceanic currents from south and north heap up the water of 
the Pacific near the equator, perhaps enough to enable gravity 
to make it flow westward into the open Pacific Ocean. But 
it should be observed that in this, as in former cases that have 
been adduced, both the wind and the water tliat pass from 
California to the Bay of Panama go from the northern tropic 
towards the equator with greater velocity than the parallels of 
land over which they are passing, as the wind and water ir.ovo 
towards the east faster than the land on which they press. 

Most writers assert that the western tropical current of the 
Pacific is produced by the land moving eastward faster than 
the water, thus leaving the latter behind : this I have already 
shown is not the real cause of this current. There is, how- 
ever, special evidence, to prove the fallaciousness of the theory 
combated, in the fact, that at a particular season the wind 
blow^in a direction the opposite to the usual one, over a large 
part of the. Pacific within the southern Iropic. This takes 
place when the sun is far south, and consequently when it has 
greatly heated the southern hemisphere and vaporised much 
water in it, which vapour is largely condensed about islands, and 
on the continent near Panama and Guayaquil; and althoiigli 
the wind does not appear to be sufficiently continuous to 
produce a strong ocean current in the open sea, many notices 
by navigators indicate that it disturbs the regufar eastern 
current, especially, about islands. 

•There is also an important consideration with relation to 
this subject. When water passing from south or north arrives 
at the equator, it is conceivable that at first it may to a small 
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extent bo left behind by the q^uicker Rotating land. Yet its 
pressure jon the land must very soon make it acquire the 
velocity of the equator, when it would move with the land 
at its fuM apeed. But the eastern equatonal eifirent of the 
Pacific, like that of the Atlantic, is found running not merely 
over the whole ocean, but as it proceeds westward it runs with 
increased velocity, showing that the cause which is in action 
remains in operation over the whole longitudinal extent, and 
it produces increased effect on the current as it approaches 
the Eastern Archipelago. 

We have, indeed, abundant evidence that on every part 
of the globe, from the equator to the poles, whatever may 
be the rotatory velocity of the part, both the water and the 
air pressing upon it readily acquire that velocity, and, with 
reference to rotatory motion, move with the solid surface 
nearly as if all were at rest. • The cause that disturbs either 
the air or the water acts upon it as if no rotatory motion 
existed. And if the sun be supposed to move, round the 
earth, as was once believed, warming the different meridians 
successively, as they are now warmed through the earth’s 
motion, it is contended that the air and the water would 
move in about the same way that they do at present. The 
air would be more or less disturbed by the intermitting action 
of the solar heat, which would put it in motion through 
the change of temperature in the twenty-four hours. Water 
would also be vaporised as at present, and the vapour would 
rise and penetrate the gaseous atmosphere, and some of it 
would be carried up elevated land, when condensation would 
take place, just as it does now; and both vertical and hori- 
zontal aerial currents would be created as at present. The 
whicls would press on and put in motion the water, and the 
different areas of condensation would bring air from other 
parts according to the degree df vacuum produced, drawing 
against and crossing each other ; aqd the water on which the 
wind pressed would obey that pressure until its own gravity 
3d 
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causM 4^ TOth these currents, as they are now found oB ‘the 
globe, it is unnecessary to advert to its rotatory motkuit as 
they are not affected by it to a sufiScieot extent to require 
notice. ’ 

In speaking of water having a natural level, gravity alone 
has been presumed to determine that level, and it will be 
readily conceived that when such a body as the atmosphere, 
moving on the surface, of water, forces the water above its 
natural height, gravity immediately begins to act to bring it 
down from that height;— and where the wind is constant the 
two opposing forces may be always in action, the general 
result being such a level of the water as will be determined 
by the two forces, — wind raising the water above its natural 
level until the inequality enables gravity to act. But in the 
actual stato of our planet, it is not strictly correct to repre- 
sent gravity as the only force that is opposed to wind. The 
distance of the equatorial surface of the ocean from the centre 
of gravity is, say, about thirteen miles more than that of the 
polar surface, and were gravity the only force that was con- 
stantly in action, the water of the equator, notwithstanding 
any influence of wind, would run down to the poles, just as 
water will ordinarily run down a hill. But this is prevented 
by. the centrifugal force consequent on rotatory motion, which 
to a certain extent counteracts the attraction of gravitation ; 
and the natural, level of the water of the ocean, in every 
latitude, when undisturbed by wind, is determined by the 
joint action of gravity and centrifugal force. These leave 
the water at the equator say about thirteen miles highei- 
than it is at the poles, and in the intermediate parts high 
in proportion to the strength of the eentrifugal force in 
each ' latitude. In' trailing the influence of wind, however, 
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in vnm^ the leyel of it.J» ihore simple to apeak 

of gnsvity alone as deti^mifiksg that leveh it being under- 
stood tbit centrifogal force ptoduces its due eiSeot in each 
latitude^ 

Slow oceanic currents are by writers generally supposed to 
flow from the polar towards the tropical regions, seeing that 
icebergs, which must have been formed near the poles, are 
found at great distances from them, until they are dissolved 
by high temperature. These icebergs, however, often seem 
to be carried along by an under-current, as that which is 
found at the surface is sometimes moving in the opposite 
direction to the icebergs. We have seen that in the northern 
hemisphere the winds that blow over the ocean are generally 
those that come from warmer latitudes, bringing much vapour 
with them. These muk, by their friction, to a certain extent 
impel the water towards the polar regions, as is found to 
occur off Norway. The water thus carried forward to the 
polar regions would in due time be heaped up abovp its 
natural level ; and should it be unable to return at the 
surface by any outlet^ it would be compelled, in its effort to 
re-establish an equilibrium, to pass somewhere by an umler- 
current. The winds- which pass northward pver the Atlantic 
and Arctic Oceans do not return over the sea, but pass 
towards the equator over the land of Asia, and consequently 
do not force the water back in any part, but leave it to 
return in some other way, and it may be that it returns 
through the action of gravity by an under-current. Similar 
winds in the winter pass over the North American Continent. 
In the more open ocean of the southern hemisphere, the 
influence of wind is not so palpable as in the contracted 
Northern Atlantic; but recent observations have shown that 
vapour produced by evaporation in warmer latitudes is carried 
towards the south pole, where, on reaching elevated land, it is 
condensed in large quantities, causing winds to blow towards 
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These latter vinds, it may be presumed, press A® water 
into tl\e polar basin and raise it above its natural level. 
That this takes place may be inferred from many accounts 
that we have of these parts, the sea there having been 
always noticed for its winds blowing towards Nova Zeinbla 
and Spitzbergen. In the winter they must penetrate far 
into the polar basin, bearing with them a high temperature, 
as may be seen in Pove’s Charts of Isothermal Lines,* And 
the surface water that must be forced by the winds into 
this basin has no known outlet but at the narrow channel 
of Behring’s Straits, unless it makes its way by an under- 
eurrentv Between Spitzbergen and the pole, in about the 
83rd degree of latitude, Parry found, in the summer, a 
current setting southward, which must, therefore, have come 
from the direction of the pole ; but it appears that this 
current was not felt on the surface much farther to the south* 
Judging from the great extension in this part, both north- 
ward and eastward, of high temperaturS in the winter, there 
is a probability that a south-west wind carries an oceanic 
current across the polar sea, and raises the water in it above 
the natural level* Water seems to pass eastward from Bafliii’s 
Bay into the Atlantic Ocean, taking icebergs with it; but 
this water may possibly have come from Spitzbergen round 
the north of Greenland, across the polar sea, and through the 
channels about Melville Island, in that way entering Baffin’.-? 
Bay, and passing-through it to the Northern Atlantic. 
is only conjecture, but further information respecting the 
currents in this part is likely to be soon obtained. 
.however, already know the fact, that ice is brought from 
the polar sea to the northern shore of Iceland, and lieaped 

up in its bays, and this ice must have been brouglit i'rons 
¥ 


See Isothermal Lines on Chart. 
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the north either by the inind or e polar current. If by 
the latter, it must pass towards the south between Iceland 
and Greenland to Davis’ Straits, where it may join that 
which comes out of Baffin’s Bay, and which bears icebergs 
still farther south, leaving the part of the ocean nearer 
to Norway open to the southern winds that penetrate to 
Nova Zembla. 

Near to and within the Antarctic Ocean we find facts 
similar to those described in the Arctic, allowing for local 
influences. Icebergs in the southern hemisphere float into 
latitudes nearer to the equator than they do in the north— it 
is said even to the latitude of the Cape of Good Hopfe, 
sliowing, that whatever may he the current there on the 
surface, there is one at a depth reached by icebergs that are 
passing from the Antarctic Ocean towards the equator. The 
voyages of Sir J. Ross and others have shown that winds, 
apparently north-west, blow strongly towards the lands that 
exist near the south pole, and we have seen reason to believe 
that they must produce on the surface of the ocean corres- 
ponding currents. The water of *the ocean near the pole 
being thus raised above its natural level, the upper water will 
press on that which is below, and force it to return towards 
the tropics as an under-current. 

But it may be asked, what becomes of the air that passes 
thus from warmer to colder latitudes? And here our informa- 
tion, it must be admitted, is not sufficiently full to allow a 
complete answer to be given: we are not, however, entirely 
without knowledge of the subject. It is well known that 
winds blow both in summer and winters but particularly iu 
the latter, from the polar sea over the land of the eastern 
jR'inisphere. They blow over Siberia, .Russia, Tartary, and 
Persia, towards the Himalaya Mountains. .Others make their 
\vay over Europe, and it may be over Africa, to feed the 
north-east trade wind of the Atlantic, returning north by 
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td Eomplete' the circuit. lo' the southern 
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iie t!outh h&^ west to the stonhy re^ous of Cepe How&i <»d 
they Boiake their way afterwards along the western coast of 
South America and across the Pacific Ocean to the great 
Eastern Archipelago. But it is not necessary here to follow 
out in greater detail the movements of such a body as air, 
as we know that wherever the equilibrium of its pressure is 
destroyed, it will, in consequence of its gravity and fiuidity, 
immediately begin to move— -that portion which is heavy 
always pressing or moving towards that which is lighter. 
And where the air that is in motion passes over water, it 
gives motion to that water in proportion to the velocity and 
continuity of its action.- 

It has thus been found that all the great oceanic currents 
which have .been pointed out are accompanied by winds ; 
tliat, although they sometimes move in accordance with the 
rotatory theory, they at other times run in opposition to it, 
but they always run in fhe direction of the wind, and they 
change as the wind changes. The evidence against the rota- 
tion theory may therefore- be said to-be strong and complete, 
and that theory may be considered erroneous. 

As a consequence of the greater rotatory velocity of the 
surface of the globe within than without the tropics, it has 
long been believed that within the tropics the surface of the 
earth, in its rotation, left the atmosphere behind, and thus 
produced the eastern tropical trade winds. And certainly, 
from the greater velocity of the air than of the water of the 
sea When passing from a slower tb a quicker rotating latitude, 
this wfcS not an unreasonable conjecture; the Hadleyian theory 
of winds Was therefore plausible. But it has been proved 
that even the air soon acquires the rotatory velocity of the 
portion of the globe on which it presses, and is then just 
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as ready to obey local influences as if both itself and the 
surface were without rotatory motion.^ But if air yrith its 
lightness and elasticity thus jrapidly Ifei^res the motion of 
the part of the earth on which it restSi how much more 
decidedly must heavy and comparatively inelastic water do 
so? Yet it is very pro^ble that the opinion so generally 
adopted^ that the tropical trade wintfs were caused by the 
earth leaving the air behind it, countenancedi if it did 
not give birth to the belief, that the solid earth, in its 
rotation, left the waters of the ocean behind. I am not 
aware of any proof having been furnished of the superior 
rotatory velocity of the bed of the ocean, as compared with 
that of the water resting on it. It appears to have been 
voluntarily assumed, in order to assign a cause for the 
great oceanic currents, as no other adequate cause could be 
found. But when it is seen that wind has sufficient power 
to produce, not only the great eastern oceanic currents, but 
also the other currents which run in different directions, 
and with great velocities, and that wind is always in action 
wlierever the' primary currents are found, such an assumption 
becomes unnecessary and may be discarded. 

The waters of the ocean are partially confined within basins 
having bottoms unequal in depth, with sub-marine mountains 
and valleys, bounded by land of irregular forms ; and an 
ocean current created by wind within any basin may obviously 
have its direction altered by a sub-marine valley or mountain, 
just as the direction of wind itself may be changed or modified 
in passing through a valley above the level of the sea. And 
when a force like the action of wind, in some particular 
locality, raises ^ater much above its natural level, as it does 
in the Gulf of Meatico, the gravity of the water immediately 
acts to restore the equilibrium of pressure, and may thus 

* See tlie various arrows on the Chart which point oat the winds ar ' u as 
the primary currents of thh ocean. 
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produce new currents. It is not, however, the object of 
this Essay to pursue secondary oceanic currents through 
their various courses,— that object having been to point out 
the real primary cause that puts in motion the waters whose 
movements constitute the great currents of the tropical 
seas, which are the great currents of the ocean. And this 
cause it is contended is the Wind, — whicli, itself produced 
by condensing vapour heating the atmosphere in particular 
localities, blows towards those localities, taking the water 
of the ocean with it, uninfluenced to any appreciable and 
palpable extent, by the rotatory motion of the surface of 
the globe, — thus showing that Wind is the real cause of 
the great oceanic currents. 


CAV* and SaYM, PlINTBM, PALATIN* BUILDINGS, IlUNT*S BaNA, Ma.M 



«OHy VrKAl ! B ,_ 99 , HIOH ggliBOmW. 


HARBouBa^vDoq'KS, and coast. 
EXf OINEBBINC. 

CdMPiiETION OF Sir JOHN :&ENNIE’S WOEK 

• ' o«r 

TfiE THEORY, TORMATiOI^ AND ’CONSTRUOTiON OF 

BRITISH AND FOREIGN 

HARBOURS, DOCKS, AND NAVAL 
ARSENAL'S. 

This great Work may now be had complete,. Twenty Parts 
and Supplement, price £ 16 . It is handsomely printed in 
columbier folio, and illustrated wit^i.jONE, hundred and 
TWENTY-THREE ENGRAVINGS, Comprising plans and details 
of every description of the most celebrated British and 
Foreign Docks, Harbours, and Naval Arsenals or 
Dockyards, from the earliest period to the present 
time, including all recent _ improvements, which cannot 
fail to command the attention of every Maritime Nation, 
and more particularly that oj^ Great Britain. 

The leading characteristics of this publication, derived 
from a large collection oi document# inherited by the 
Author from his father, the late Mr. Rennie, in addition 
to many others resulting from his own extensive pro? 
fessional experience both at' home and abroad.^and con- 
tributions from the distinguished British^ and Foreign 

Engineers, and in all. casfes frpm the most authelilic and 
hitherto ihacc^sible^Sourfies of iii^oriiialaoii^ wjll be best 
explained by the i^|lowiiif^r$3^M«ctsrfi«m th.ei’W , / 
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pelled to bring the whole power of the East, or it may be said of the 
world, to vanquish them. Again, the Greeks, by their command of 
the sea, maintained their independence with a mere handful of men 
qgaiiist the millions of Xerxes. Again, the Carthaginians made head 
against and almost conqfiered tlie mighty Romans* who only recovered 
their ascendancy, and ultimately overwhelmed their formidable adver- 
sary, by acquiring the command of the ocean; and although the 
Romans were naturally averse to the sea and the pursuits of commerce, 
yet, feeling that the very preservation of their empire depended upon 
their maritime superiority, they devoted the greatest care and attention 
to the perfection of their Fleets and Harbours, as the magnificent 
remains I shall have occasion to mention, in Italy and other places, 
afford ample testimony. These works evidently prove that the 
Ancients had made considerable progress both in the theory and 
practice of Marine Architecture. 

“ I have endeavoured to select a series of examples from almost every 
country, from the earliest dawn of civilization to the present time. 
Each example is complete in itself, and is accompanied by a statement 
of the geological and geographical features of. the coast where it is 
situated — the winds — the tides — the currents — the soundings — the 
nature and formation of the rocks by which it is snrroinulod — the state 
of the place before any works were executed — the history of the various 
works executed from time to time — tlie effect of them ; — and ^^hc^(‘ 
they have failed, the causes of failure are exfdained, and, as far as cii'- 
cumstanccs will permit, the remedy best adapted to the natiiiv of t]ic 
case is pointed out: by this means we obtain the resuhs of (‘\|>cri(Mice, 
which is the most satisfactory of all proofs. We liave the reeuol 
of facts to guide ns, and by knowing the causes which ha\e jn'oiiia eil 
certain effects, we can apply them to other similar cases, a)i(i rljjis, it' va 
cannot restore things to their original state, we (‘an stop and pr(‘\ ciu 
the evil from proceeding further; and, in order to (lcriv(‘ thc^ ^rrafc-i 
advantage from each example, conclusions and geru ral prineij K ^ ju r 
deduced in conformity with them. 

“The same plan is pursued as regards the parlicular kind of work- 
manship and mfiterials best adapted to each example, wherm r of wood, 
stone, or iron, and the mode of carrying it into effect, not ornirfin,!.: 
at the same time the important item of cost ; and as far as space w ili 
allow, original documents, reports, and opinions are given, so that 
the reader will be able to draw his own conclusious and forin los 
opinion accordingly. I have also endeavoured to institute an examij»a - 
tion avd comparison between the various examples under the diiTervnt 
heads of 'Design/ 'Construction/ and 'Result/ mth n rveir tn 
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extremely difficult to draw a correct parallel, or to lay down principles 
which shall be generally applicable, for each caffe may require a dif- 
erent mode of treatment, which can only be ascertained by an exact 
study and investigation of the respective local circumstances/* 

With this briof explanation of the plan and object of 
the Work, it is now submitted to the notice of the British 
and Foreign Governments, to Professional Engineers, and 
others of all nations who feel interested in the perfect 
construction and maintenance of Docks and Harbours, — 
so indispensable in the formation and equipment of naval 
armaments for the protection of trade and commerce with 
every portion of the civilized world, and invaluable as 
asylums for mariners. 

ft is also submitted to the special notice of the members . 
of those coi'porate or other bodies upon whom may devolve 
the coas('rvritiou and improvement of Harbours, Docks, or 
l\i\(.‘rs, as a wortliy aud valuable addition to the records 
by which t.luw are enabled, either by Charter or by Act of 
Itarliameut, to exercise the rights and privileges so eonferred 
U]>;>n (heiu. 

Mr. Wb'.ALK dc'cms it necessary to state that the im- 
pi'('ssiou A^^)s strictly Ihniicd to two jiundrfj) and fifty 
aud (hat an early apjdication .should be made by 
ih-), !' \\\u\ ar(‘ anxious to possess the only work extant, on 
a suiiicii nlly comprehensive scale, specially devoted to this 
imjjurlaiil (h'partmoul of Civil Engineering. 
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Sheeniess, Tide - Guage. 

Ditto, plan of new Dockyard, and Mouth of 
Thames. 

Chatham Dockyard and Dry Dock, with 
proposed improvements. 

Northfleet Docks, proposed. 

Portsmouth, plan of Dockyard and Harbour. 

Ditto, details of Boiler Manufactory and 
Basin Walls. 

Woolwich and Deptford Dockyards, with 
details. 

Plymouth and Devonport, general view. 

Plymouth Sound, chart. 

Plan of Dockyard and Keyham Steam-Vessel 
Establishment. 

Devonport and Pembroke Dockyards, with 
details. 
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In Preparation, and will be issued Monthly, 

Pi'ice 1 «. per Volume y 

(Except in seven instances, and those are at \s, 6d. or 28. each), 

VERY NEATLY PRINTED ON GOOD PAPER, 

A SERIES OF VOLUMES 

CONTAINING THE 

PRINCIPAL GREEK AND LATIN AUTHORS, 

ACCOMPANIED BY 

ENGLISH NOTES ON A UNIFORM PLAN, 

AND COMPRISING 

all those Works that arc essential for the Scholar and the Pupil, and 
applicalde for use at the Universities of Oxford, Cambridge, Edin- 
burgh, Glasgow, Aberdeen, and Dublin, — the Colleges at Belfast, 
Coi’k, Galway, Winchester, and Eton, and the great Schools at 
Harrow, Rugby, &c., — also for Private Tuition and Instruction, and 
for the Library. 

Tol. 1 — Introductory to the Latin Series — will appear July 1st, 
and the Greek Introduction, August 1st. The publication of the 
Classical Authors will commence November 1, and be regularly 
coutiuued on the 1st of each succeeding month.' 

Edited by Henry Young, 

SECOND MASTER OK THE ROYAL GRAMMAR SCHOOL, GUILDFORD. 


LATIN SERIES. 

), \ now Latin nELia’Tus, or Introductory Classical Reader, consisting of Ex- 
traor.s from the best Authors, systematically arranged; accompanied by 
Grammatical ami Explanatory Notes, and copious Vocabularies. 

C.i>ar'.s CoMMKNTvuiEs Oil thc Oalltc War : witli Grammatical and Expla- 
muory Notes in English, ami a complete Geographical Index. 

UonMcrnus Nepos; with English Notes, &c. 

L \iRort Thc Georgies, Bucolics, and doubtful Works; with English Notes, 

ofuotly from thc German. 

✓ 

ViHoii/s /Eneid (on the same plan as the preceding). 

h. noR\cK. Odes and Epodes ; with English Notes, an Analysis of each Ode, and 
a full explanation of the metres. 

7, IfoRAors, Satires and Epistles, with English Notes, &c. 

8. Sallust. Conspiracy of Catiline, and Jugurthine War. 

Tisrence. Andria and Heautoiitimoruinepos. 

10 , rERKNCK. Pbormio, Adelphi, and Hecyra. 

1 1. Cicero. Orations against Catiline, for Sulla, for Archias, and for the Manilian 
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12. Cicero. First and Second Philippics ; Orations for Milo, for Marcellus, and for 

Ligarius. 

13. Cicero. De Officiis. 

14. CicEko. De Amicitia, de Senectnte, and Brutus. 

15. Juvenal and Pbrsius. (The indelicate passages expunged.) 

16. Livy. Books i. to v. in 2 parts. 

17. liiVY. Books xxi. and xxii. , 

18. Tacitus. Agricola; Germania; and Annals, Book i. 

19. Selections from Tibullus, Ovid, Propertius, and Lucretius. 

20. Selections from Suetonius and the later Latin Writers. 

Allowing vols. 2 and o.at 2s. each, vol. 16 divided into 2 parts, 
l5. 6d. each, and the remainder at l6*. each, the twenty-one volumes 
would amount to 24^. 


GREEK 

ON A SIMILAR PLAN 

1. Introductory Greek Reader. 

On the same plan as the Latin 
Reader. 

2. Xenophon. Anabasis, i. ii. iii. 

3. Xenophon. Anabasis, iv. v. vi. vii. 

4. Lucian. Select Dialogues. 

5. Homer. Iliad, i. to vi. 

6. lloMER. Iliad, vii. to xii. 

7. Homer. Iliad, xiii. to xviii. 

8. Homer. Iliad, xi\. to xxiv. 

9. Homer. Odyssey, i. to vi. 

10. Homer. Odyssey, vii. to xii. 

11. IIoMER. Odyssey, xiii. to xviii. 

12. Homer. Odyssey, xix. to xxiv.; 

and Hymns. 

13. Plato. Apology, Crito, and Phu'do. 

14. Herodotus, i. ii. 

15. Herodotus, iii. iv. 

16. Herodotus, v. vi, and part of vii. 

17. Herodotus. Remainder of vii. viii. 

and ix. 

18. Sophocles ; Qiidipus Rex. 

19. Sophocles; OEdipus Colonacus. 

20. Sophocles; Antigone. 

21. Sophocles; Ajax. 

22. Sophocles ; Philoetetes. 

23. Euripides; Hecuba. 


SERI E S , 

TO THE LATIN SERIES. 

21. Euripides; Medea. 

2.5. Eurmuoks; Hipprdyt us. 

2G. Euripides; Alcolis. 

27 . Euripides; Orc.stes. 

28. Euripidi-.s, l']\tr.icts from the re 

maiuiiig 

29. SoPHOfLEs. Extracts from the re 

inaimiig jilays. 

.30. /Ksciivlus, rrome'iluMis Viuclus. 
.31. /Escnvi.us. Persa:;, 

.32. .'Eschylus. S'>|)tem contra' Tiifdjas 
33. /E'hcii Yi.ijs. Ciiot‘|)hor:r. 

.31. .<-Es(:nYi,i N. I'bmieiiides. 

.3."). .E'^ni "i i.T\s. Agaioromoji, 

30. /Esriivi.is. - 8u{>|)li.'cs. 

.37. Ib.n'ARoii. Si'lci'i LiM's. 

38. .Vri.stoi'ii - s s’l.s. ( ■|()ij(L. 

30. .\RI>^Tol•^f \\j;s. l^oy^, 

•10. .Aristoiumn'es. !on^ rVor- 

1 lit- rcmaiiimg oorocdic 

41. 'rai l vDi DUS, i. 

42. 'riircYiuDi.s, li 

43. 'riiEocai I TS, Stdeet Idvis, 

'll. Eindvr. 

45. Isoc.ii.A 1 ?;s. 

40. Hesiod. 


Forty-six Volumes. Allowing 2s. for vol. M, jind Is. Qd. uach fco 
vols. 15, 16, 17, the amount would be •48«. Od. 

These scries of the’ Latin and Greek (;^lassic8, togctlier making 
66 vols., costing when complete 12.v. (if/., will form the mo-^t 

comprehensive and useful collection ever yet proposed for pohliuation, 
for the use of scholastic and self-inst ruction. Mr. Weaic would be glad 
to receive any suixsrestions from the critical and thf lAfimoiJ 
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CONTENTS : 

Vol. 

1. Charles Martel and Abderrhaman, or Frank and Moslem. 

2. Henry the Fowler and Otho the Great, or the Battles of 

the Magyars. 

3. Zingis-Khan and Batu Khan, or the Invasions of the 

Mongols. 

4. Moliannned and Constantine, or the Fall of Byzantium. 

5. Milliam of Orange, or the Liberation of Holland. 

(). Guslavns Adolphus, or the Thirty Years’ \Far. 

7. Oliver Croniwell, The G-reat Protector. 

S. John Sobieski of Poland, or the Rescue of Vienna. 

!). .Mailboroiigh and Prince Eugene, or the ATar of Succession. 

10. Cliarles XI 1. and Peter the Great, or Narva and Pultawa. 

1 i. I.ord C’live, or the Empire of the Mercliant Princes. 

12. George V ashingtou, or the War of Independence. 

'i'iu* Antlior ]unposes to delineate in a Series of Biographical and 
1.1 Sk("t('lH‘s, diseonneeled interlinked, the leading events and 

oicjdcuis ot a thousand years of the World’s llistorv. 

i lu' hra wJiieh lie lias selected eiiibra(*es the great struggles of 
Gndj/ation against Barbarism, and of Religions, Civil, and Political 
hiirdoin against the tyrannic sway of Intolerance and Despotism; — it 
saw rio* ;i-e and the decline of more than one power that in its time 
f III <";item (i to crush the rights of man and the indepeudenco of nations. 

It iias uell and truly said, that the Past is tlie mirror of the 

1 utme. TiiC Pubu:dier therefore trusts that these volumes, whilst aflf'ordiiig 
in>ti'U(:iiou and amusement, to the young, will not prove altogether unin- 
leit'.sling to readiM’s ol a inaturer ag(‘, at the jiresont momentous crisis, 
nhen Lurope is again tlirejv^ened by the unscrupulous ambition of an able 
and energetic de.spot with the o\erthrow and extinction of all that freemen 
hold most dt‘ar. ■ 


JOHN WEALE, 5^, HIGH HOLBORN. 



J1I«T AKADY, 


Ottt VcAumc 8to» tilrt c\olh boirdi* leUmd, price 9#. 

ON 

THE ATMOSPHERIC CHANGES WHICH 
PROHHCE RAIN AND WIND, 

AND 

THE FLUCTUATIONS OF THE BAROMETER. 
BY JOHN HOPKINS, M.B.M.S. 

SECOND EDITION, 

With additional Essays and Diagrams. 


In One Volume, large 8vo, with plates and illustrative diagrams, cloth ooards, 

price 12«. 

OX 

THE APPLICATION OF CAST AND WROUGHT 
IRON TO BUILDING PURPOSES. 

BY WILLIAM FAlliBAlKX, C.i;., IMLS.. r.G.S. 


Just Puhlished for 1851, price I.9., if hy poit l,y. 

A coMPUi:iiiJNSf \ j: 

CATALOGUE OF BOOKS 

OS 

ARCHITECTURE AND E X C I N E E RI X O. 
CIVIL, MECIIA.XICAL, .MILJTAKV. A.\0 NAVAI,,, 

WITH THE PRICES AT'f’ACIf EIJ ; 

Together wiili a Eegistration of Names :iiiJ Addn'sspv of (lie Puiu ntcrs 
of these Sciences, being Members of the Jloyai Institute of ILitiSij 
Architects; Institution of CiviJ Engineers; Arrhitcciurnl Assochitioii ; 
Architectural Publication Society; and the Institution of JMccluiiiiad 
Ensrineers of Birmiiurbam. 






